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INTRODUCTION

At the request of the Secretary of Energy, the National
Petroleum Council (NPC) undertook this comprehensive study, which
updates the Council's 1971 report, Environmental Conservation --
The 0il and Gas Industries. In his request, the Secretary stated
that "special emphasis should be placed on determining the environ-
mental problems that are most serious and the impact of current
environmental control regulations on the availability and cost of
petroleum products and natural gas." (See Appendix A for the
Secretary's request letter, a description of the NPC, and a roster
of the NPC membership.)

To respond to the Secretary's request, the Council established
the NPC Committee on Environmental Conservation under the chair-
manship of Alton W. Whitehouse, Jr., Chairman of the Board and
Chief Executive Officer, The Standard 0il Company (Ohio). The
Honorable William A. Vaughan, Assistant Secretary for Environmental
Protection, Safety, and Emergency Preparedness, U.S. Department of
Energy, was designated Government Cochairman of the Committee. The
Committee was assisted by a Coordinating Subcommittee and five task
groups: air quality, water quality, land use, hazardous wastes,
and synthetic fuels. (See Appendix B for the organization chart
and Committee and subgroup rosters).

The study is presented in two parts. An overview of the envi-
ronmental considerations of oil and gas operations and petroleum
product use was published by the NPC in December 1981. These con-
siderations are discussed in more detail in this volume. The
Executive Summary and Chapters One and Eight of this volume are
from the Overview.

The Secretary concurrently requested the Council to undertake
a study of the major issues relating to the development of U.S.
Arctic oil and gas resources. The environmental assessment for the
Arctic study was critical to both study efforts and was coordinated
between both studies. The Executive Summary of the NPC's 1981
report, U.S. Arctic 0il and Gas, is contained in this report as
Appendix E. The complete report is available from the National
Petroleum Council.

It is appropriate that the Council update the petroleum
industry's environmental considerations and concerns at this time.
The climate under which the petroleum industry operates today has
changed dramatically in the 10 years since the NPC last reported on
environmental conservation:

@ The energy supply/demand balance has shifted significantly,
and there is a newly recognized need for energy security.
Achieving energy security requires that environmental
concerns be balanced against the need to develop domestic
energy supplies.



@ For the rest of this century increasing emphasis will be
placed on the development of non-oil and non-gas resources,
such as coal, nuclear, and synthetic fuels. As a result,
environmental considerations should recognize the changing
mix of energy supply.

@ The petroleum industry has made substantial progress in en-
vironmental conservation in the past decade, and the major
environmental concerns perceived in the 1970's as arising
from the industry are now vastly diminished because pollu-
tion sources are under effective control.

e Many of the environmental control strategies in place today
are based in large part on environmental legislation and
regulation written during the 1960's and 1970's. A re-
examination of these control strategies is appropriate, as
some may place unnecessary constraints on domestic energy
development.

The objectives of this report are twofold: first, to describe
current industry operations and explain the facilities and proce-
dures that are used to protect the environment; and second, to
focus attention on the specific areas of environmental law and
regulation that have directly affected the availability and cost of
petroleum products and natural gas.

It is the Council's desire to respond positively to the Secre-
tary's request. While a number of sections may appear to criticize
or condemn the key environmentally oriented laws that have been
enacted during the decade of the 1970's, many of the laws and regu-
lations discussed in the report are in large part clearly useful
and worthwhile. The Council's comments in this regard are intended
to be constructive and to express the Council's concern for the
high degree of complexity and uncertainty, and the potential for
long delays that impede the achievement of balance between the
national goals of energy development and environmental protection.



EXECUTIVE SUMMARY

FINDINGS AND CONCLUSIONS

The NPC, in responding to the Secretary's request, sought to
identify those environmental issues that will be the focus of con-
tinued debate and research in the decade of the 1980's. The NPC
also examined the impacts of the petroleum industry on the environ-
ment, and the impact of environmental legislative, regulatory, and
administrative actions that adversely affect the cost or availabil-
ity of petroleum products, natural gas, and synthetic fuels. The
findings and conclusions reached through this analysis are summa-
rized below. These issues and impacts are discussed in more detail
in the following chapters.

Significant Environmental Issues of the 1980's

The following significant environmental issues must be resolved
promptly as the nation seeks in the 1980's to balance the goals of
energy supply and security with the goals of environmental quality.

@ Access to federal lands for the purpose of resource assess-
ment and possible future development

e Delay and uncertainty caused by the complexity of regula-
tory requirements, including permitting procedures, the
number of government authorities involved, and the oppor-
tunities for legal intervention by third parties

@ Siting of energy facilities, especially production and
transportation facilities, that are determined by the
location of natural resources

@ Incorporation of scientifically acceptable techniques in
setting standards, such as National Ambient Air Quality
Standards and Water Quality Standards

@ Siting and operation of facilities for hazardous waste
management

@ The ecological and public health effects of, and the
control strategies for, the synfuels industry.

There are also a number of issues whose causes are not clearly
defined and which are affected by many factors and industries, of
which the petroleum industry is only one. These issues are: the
ecological and public health effects of, and the control strategies
for, acid rain; the COjp "greenhouse" effect; groundwater contami-
nation; and indoor air pollution.

To achieve a satisfactory resolution of these issues will re-
quire not only the full cooperation of government, industry, and



private citizen groups, but also a commitment to research activi-
ties, especially by government and industry segments, that will
quantify the impacts, clarify the issues, and determine appropriate
solutions to the problems identified.

Impacts on the Environment

As part of its effort to "determine the environmental problems
that are most serious" as requested by the Secretary of Energy, the
NPC examined impacts of the petroleum industry on the environment.
These impacts are a function of the industry's operations (explora-
tion and production; refining; and storage, transportation, and
marketing) as well as the use of its products. The NPC's findings
with respect to the industry's conventional operations and the pro-
jected synfuels industry's operations are summarized below; those
resulting from product use are discussed in Chapter Five.

Conventional 0il and Gas Operations

l. Impacts on the environment from current and projected
routine conventional petroleum industry operations are
largely known and controlled. During the past decade the
industry has made significant progress in reducing its
impacts on the environment; however, certain long-term
possible impacts on the environment are still being
investigated.

@ Petroleum industry operations emissions represent only a
small fraction of national air emissions. For example,
petroleum refining emissions represent only 0.9 percent
of the nation's carbon monoxide (CO) emissions, 0.5
percent of total suspended particulates (TSP), 2.8
percent of sulfur dioxide (S03), 1.5 percent of nitro-
gen oxide (NOg) and 3.9 percent of volatile organic
compounds (VOC). In addition, within the refining
sector, significant reductions in air emissions per
barrel of crude oil run were achieved during the last
decade; e.g., a decrease of 68 percent in CO, 50 percent
in TSP, 19 percent in SOy, and 18 percent in NOy,
with no change in VOC.

® Prevention of Significant Deterioration (PSD) require-
ments, nonattainment area restrictions, New Source
Performance Standards, and provisions for detailed pre-
construction review of all major stationary sources of
air emissions provide the regulatory framework for con-
trolling air emissions.

@ The refining industry has achieved a greater than 91
percent reduction in the discharge of conventional water
pollutants from 1967 to 1979. Additional data indicate
that nonconventional pollutants are well controlled and
that the existing Best Practicable Control Technology
treatment systems remove toxic pollutants to levels
barely detectable by the modern analytical techniques,
where they are found at all.



The National Pollutant Discharge Elimination System
(NPDES) Permit Program provides regulatory authority for
controlling discharges to receiving waters.

Current industry practices demonstrate that significant
improvements in the treatment and disposal of industry-
generated wastes have occurred.

The Resource Conservation and Recovery Act of 1976
(RCRA) provides for regulation of the disposal of
hazardous wastes.

Effects of trace toxic materials in air and water are
still being evaluated.

Past operations and practices that had caused or contri-
buted to adverse environmental impacts have been largely
replaced by improved technology and engineering.

Permitted operational discharges occasionally create
minor localized effects, but such discharges cause only
negligible overall environmental impacts.

Some long-term possible problems, such as acid rain and
the COy "greenhouse" effect, are not yet understood
well enough to determine impacts or to establish final
control strategies.

Accidental releases of o0il and hazardous substances from
conventional and routine petroleum industry operations
usually do not constitute an irreversible or serious long-
term environmental hazard.

Major oil spills are more likely to occur in the open
ocean. The dilution potential of the open sea and the
dispersion, weathering, and loss of toxic constituents,
primarily to the atmosphere, make it improbable that
oils spilled in deep-sea areas could reach bottom-
dwelling (benthic) marine life, much less in toxic
amounts. Most o0il spills, even those impacting coastal
areas, have not had serious long-term effects. Recovery
has been rapid in most situations, particularly in rela-
tion to marine productivity and populations.

Studies following the 1970 Chevron Main Pass Block 41
spill in the Gulf of Mexico, the 1977 Ekofisk oil spill
in the deeper waters of the North Sea, and even the very
large o0il discharge from the Ixtoc blowout in the Bay of
Campeche in 1979, indicate that these spills appear to
have few or no significant adverse effects in offshore
waters.

0il spills create a variety of severe short-term im-
pacts, which can affect commerce, areas of habitation,
recreation, and shorelines, particularly when spills



occur in near-shore waters. Near-shore spills and their
resulting "chocolate mousse" emulsions can create un-
sightly messes on beaches and shorelines, cause con-
spicuous casualties among sea birds, and kill benthic
organisms. Especially sensitive to short-term effects
are near-shore ecosystems such as coral islands, salt
marshes, and mangrove communities.

@ Hazardous substance spills do occur occasionally and in
some cases cause serious, but temporary, localized
effects. Very few materials on the Environmental Pro-
tection Agency (EPA) hazardous substance list are used
in the petroleum industry. These materials are handled
with care, and spills in excess of the appropriate
reportable quantity are rare. Where operational spills
do occur they are typically contained within tank dikes
or removed during wastewater treating operations so that
actual harmful releases to navigable waters are minimal.

® Gasoline leaks from service station underground tanks
and piping occur throughout the industry and have the
potential for serious harm to people, property, and the
environment.

3. Groundwater contamination can create serious local prob-
lems, and further definition of the extent and degree of
risk is required.

@ The petroleum industry is only one of many industries
that are concerned with this problem. Nationwide, the
extent and risk presented by groundwater contamination
from all sources is still being investigated. The pre-
vention and control of groundwater contamination are
regulated under the Safe Drinking Water Act and RCRA, as
well as many individual state programs.

@ Within the petroleum industry, controls are in place to
protect groundwater from the reinjection of produced
waters from exploration and production operations,
underground cavern storage of petroleum products, and
for the detection and cleanup of spills and leaks from
petroleum facilities, especially pipelines and service
stations.

Synfuels Operations

The projected synthetic fuels industry operations, when assess-
ed on a site- and process-specific basis, are not expected to pose
a major threat to the environment. This does not imply that the
potential for some long-term chronic effects or regional scale
problems has been eliminated. As the industry enters the commer-
cial development stage, more operational data, together with the
existing research and development and pilot stage information, will



be available for environmental evaluation and any necessary addi-
tional control strategies. 1In addition, many aspects of the devel-
oping synfuels industry are common to conventional technologies,
e.9g., mining and refining. Environmental effects of synfuels

development will continue to be evaluated, and areas of concern
that will receive special attention are:

1. Water Quality and Water Availability

@ Evaluation of the impact of mining activities on
aquifers

e Impact of waste disposal areas on groundwater

@ Long-term effects of leachate from in situ and modified
in situ shale o0il production

@ Water resource development and availability.
2. Air Quality

e Effect of fugitive dust.
3. Solid Wastes

® Management and disposal of large quantities of solid
wastes.

4. Land Use

e Closure, revegetation, and/or reclamation of affected
land areas.

5. Health and Product Safety

® The toxicological and ecological properties of synthe-
tic fuels, intermediates and by-products, and wastes.

6. Other

® Socio-economic impacts of synthetic fuel resource
development

@ Identification of special problems from accidental re-
leases of synthetic fuels products.

Environmental Legislative, . . and Administrative Actions
That Affect the Cost or Availability of Petroleum
Products, Natural Gas, and

The NPC also examined the impact of environmental legislative,
regulatory, and administrative actions that adversely affect the



cost or availability of petroleum products, natural gas, and syn-
The NPC's findings are summarized below.

fuels.

l.

Land Use

Past failures to adequately lease offshore government
lands have delayed resource assessment, exploratory
drilling, and production. Withdrawals and extended
classification determinations of onshore government
lands have also inhibited resource assessment and
potential development of such areas.

Coastal Zone Management consistency review results in
delays of leasing and exploration activities.

The designation of Marine Sanctuaries can prevent oil
and gas activity in or near designated sanctuaries.

The Endangered Species Act can prevent or delay develop-
ment of energy and water resources.

Air Quality

PSD increments limit allowable new growth, especially in
or near Class I areas.

Construction of modified refining and new transportation
and production facilities in nonattainment areas may be
banned if the State Implementation Plans are not ap-
proved.

There is an insufficient pool of offsets in some non-
attainment areas to meet permit requirements for new
or modified sources of emissions.

The application of Class I visibility protection cri-
teria to adjacent areas, as embodied in the integral
vista concept, can restrict resource development.

Outer Continental Shelf (OCS) air regulations pertain-
ing to attainment, and PSD increments could inhibit OCS
0il and gas development.

Lack of guidance in determination of Best Available Con-
trol Technology and Lowest Achievable Emission Rate, and
the frequent disagreement between and among federal,
state, and local agencies and the industry over the
level of controls contribute to delays in processing and
issuing permits.

Monitoring and data gathering regulatory requirements
are frequently excessive, costly, and time-consuming; in
combination, these requirements can result in lengthy
delays of new and expanded energy sources.



Modeling requirements are expensive and time-consuming,
and, more importantly, the air quality predictions are
usually conservative. They can lead to delays and cost-
ly restrictions on new and modified sources that may be
unnecessary to protect air quality or achieve environ-
mental benefits.

Automotive exhaust emission restrictions, particularly
those that prevent the use of alkyl lead compounds 1in
automotive fuels, reduce the amount of transportation
fuel that can be obtained from a given quantity of crude
oil.

Restrictions imposed by many local jurisdictions on the
sulfur content of petroleum fuels have changed supply
patterns for heavier fuels in particular and have in-
creased the price for suitable fuels in low-sulfur fuel
regions.

Guidance documents prepared by EPA, such as the Control
Techniques Guidelines, have been interpreted all too
often to be standards or regulations by the states or
EPA regions. This has frequently led to more stringent
regulations and/or permit limits on industry, with re-
sulting higher costs, than were necessary to satisfy
air quality requirements.

Water Quality

Unreasonable delays in issuance of NPDES permits for oil
and gas exploratory drilling operations in almost every
offshore area of the United States have raised compli-
ance costs and delayed efforts to find oil and gas. The
EPA's recently initiated policy on issuing general NPDES
permits could alleviate the delay problem.

Present wetlands policy has delayed issuance of dredge
and fill permits by the U.S. Army Corps of Engineers.

The EPA policy of effectively requiring state agencies
to adopt the EPA water quality criteria as state stan-
dards frequently could place unrealistic limits on
wastewater discharges from both new and existing facili-
ties. The EPA water quality criteria on some toxic pol-
lutants are based on very limited data and some criteria
are below the detection limits of current analytical
techniques.

Failure of EPA to issue petroleum refining effluent
guidelines within the deadlines set by court order and
statute has introduced uncertainty into the regulatory
process. This uncertainty exacerbates the problems
faced by refiners who need sufficient lead time to
design and install wastewater treatment equipment to



comply with the July 1, 1984, deadline, especially if
additional equipment is necessary. In addition, EPA's
proposed guidelines are overly severe and fail to
consider industry progress and performance in water
pollution control.

4, Hazardous Wastes

® Regulation of hazardous waste and waste management
facilities has not been based on the degree of hazard
presented to human health and the environment by the
specific wastes being stored. As a result, unduly
restrictive and costly measures may be required.

@ Complex technical and societal problems of siting new
hazardous waste management facilities will hamper the
nation's ability to adequately dispose of its waste.
If local sites are unavailable, transportation of haz-
ardous wastes to remote sites will be costly and may
present a greater risk to the environment.

SUMMARY OF COSTS -- PAST AND FUTURE

Costs of environmental regulations to the petroleum industry
have been in the past and will be in the future a significant com-
ponent of industry expenditures. Expenditures to protect environ-
mental quality and human health are recognized to be a necessary
cost of doing business. It is also important to recognize,
however, that environmental standards more stringent than those
necessary to protect the environment and human health impose higher
industry capital and operating costs and, ultimately, higher pro-
duct costs to the consumer. Cost is, of course, just one of the
factors in the achievement of a balance between environmental pro-
tection and energy development and security.

In part, these higher costs result from overly conservative and
protective control strategies, some of which are not based on valid
scientific studies that have been subject to peer review. The NPC
believes that a better balance is needed, and that control strate-
gies should be developed based on valid scientific studies that
have been subject to peer review.

In addition to these higher identified costs are the signifi-
cant, but difficult to quantify, "costs of delay" that result from
delays in the permitting process. The NPC believes that steps are
needed to improve the permitting process in order to facilitate
domestic o0il and gas resource development.

A recent petroleum industry expenditure survey (representing 70
percent of refining capacity) by the American Petroleum Institute
indicates that expenditures for environmental protection during the
1971-1980 period totaled $21.1 billion as spent. A 1980 Battelle
study forecasts the capital expenditures of the conventional petro-
leum industry for environmental protection (excluding the impact of

10



RCRA) to be $57 billion (constant 1979 dollars) for the 1970-1990
period, with annual operating costs of about $6 billion (constant
1979 dollars) per year in the latter half of the 1980's. For addi-
tional details and a breakdown of the expenditures, see Tables 6
through 14 in Chapter One.

In order to put these expenditures and forecasted costs in per-
spective, Table 15 of Chapter One shows the estimated incremental
environmental control expenditures for both the public and private
sectors in the United States for the 1979-1988 period, as projected
by the Council on Environmental Quality in 1980. During the 10
years from 1979 through 1988, total spending in response to the
federal environmental quality regulations is expected to reach
$518.5 billion.

The estimated breakdown of this spending by environmental
program is presented below:

@ Air -- $300 billion (58 percent)

@ Water -- $170 billion (33 percent)

@ Land Reclamation -- $15.3 billion (3 percent)

e Hazardous Waste Management -- $15.4 billion (3 percent)

e Control of Hazardous Substances -- $8.2 billion (2 percent)
® Noise Control -- $6.9 billion (1 percent).

These levels of environmental expenditures by the petroleum
industry as well as other public and private segments within the
United States evidence a continuing commitment to environmental
quality.

11
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CHAPTER ONE

GENERAL CONSIDERATIONS REGARDING ENVIRONMENTAL CONSERVATION

INTRODUCTION

Before examining the issues concerning the petroleum industry
and the environment, it is helpful to place into perspective the
future direction of the industry. The volume and components of
energy production and consumption have a direct bearing on the
nature and extent of the environmental protection mechanisms
necessary.

Some of the basic environmental laws were passed in the 1960's
and early 1970's, when the price of crude oil was extremely low and
the domestic economy and energy consumption were believed to be
continuing to expand unchecked. In addition, state and local
governments were experiencing difficulties in meeting their consti-
tuents' needs resulting from that growth. A national concern de-
veloped that state and local government entities could not properly
manage the complex responsibilities of environmental protection,
that federal protection and standards were required, and legisla-
tion to that effect was enacted.

The energy demand growth expectation was linked directly to the
expected Gross National Product (GNP) growth, with some early
1970's estimates projecting that 1985 U.S. energy consumption would
be as high as 130 quadrillion British thermal units (Btu's).
(Current estimates are on the order of 83 quadrillion Btu's or
less.) High energy consumption projections imply higher levels of
emissions.

The early 1970's energy projections were proven wrong by events
of that decade. Figure 1 compares the actual energy consumption
during the 1970-1980 period with energy demand forecasts prepared
by the National Petroleum Council (NPC) at the beginning, midpoint,
and end of the decade. The Organization of Petroleum Exporting
Countries crude oil price increases and the embargo of 1973-1974 by
the Arab member countries, together with the cutoff of Iranian
imports into the United States in December 1978 and other economic
and political events, dramatically altered the energy consumption
patterns in the United States and changed the public perception of
energy and its position in the economy.

To place the petroleum industry's future contributions to U.S.
energy supply in perspective, a brief summary of a recent supply/
demand projection through 1990 is presented. Following that
section is a history and description of the major environmental
laws concerning the oil and gas industry and a discussion of the
costs of environmental control to the petroleum industry.
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Figure 1. Comparison of Actual Energy Consumption with Projections.

NOTE: Actual data from Energy information Administration, 1980 Annual Report to Congress, Volume |l. Projected data from
National Petroleum Council, as cited.

U.S. ENERGY AND PETROLEUM SUPPLY/DEMAND PROJECTIONS

The following projections were drawn from the Low Demand Case
of the NPC's 1980 report, Refinery Flexibility. These projections
present the "adjusted average" balances of the lowest quartile
responses to a 1980 NPC survey of 35 organizations that regularly
prepare such forecasts. The NPC believes that these projections
present a representative assessment of the trend of future energy
supply/demand in this country, although many observers of the

energy situation are projecting even lower levels of U.S. energy
demand in 1990.
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I. U.S. Total Consumption

During the decade of the 1980's, U.S. energy consumption is
expected to experience a 1.5 percent annual rate of growth, while
comparable real GNP growth is expected to be 2.1 percent per year.
During the 1960's and 1970's the annual average increase in con-
sumption was 4.2 percent and 1.3 percent, respectively, with annual
average GNP growth of 3.8 percent and 3.3 percent. Total U.S.
energy consumption is expected to increase from 76.3 quadrillion
Btu's in 1980 to 88.6 quadrillion Btu's in 1990. Figure 2 and
Table 1 present these data, as well as the historical and projected
total energy consumption per dollar of real GNP.

Figure 3 and Table 2 present a comparison of U.S. energy
consumption by type of energy. O0il and gas combined are expected
to constitute a declining absolute volume, as well as a decreasing
percentage of the projected total U.S. energy consumption. Thus,
the projected consumption of o0il and gas is expected to decline by
2.4 percent in this decade, compared to the 58.3 percent increase
from 1960 to 1970 and the 6.4 percent increase from 1970 to 1980.
The percentage of o0il and gas consumption to total energy consump-
tion is also expected to decline in this decade, from 71.6 percent
of total energy consumption in 1980 to 60.1 percent in 1990.

TABLE 1

U.S. Energy Consumption and Gross National Product =-- 1960-1990%*

Total Energy Gross National Product

(Quadrillion Btu's) (Billion 1972 Dollars)
Actual 1960 Data 44.10 737
Actual 1970 Data 66.83 1,075
Actual 1980 Data 76.26 1,481
1985 Projection 82.92 1,630
1990 Projection 88.59 1,820

Annual Growth Rate (Percentage)

Actual 1960-1970 Data 4
Actual 1970-1980 Data 1.
1980-1985 Projection 1
1985-1990 Projection il
1970-1990 Projection 1

*Actual energy consumption data from Energy Information Adminis-
tration, 1980 Annual Report to Congress, Volume II. Actual Gross
National Product data from U.S. Department of Commerce, Bureau of
Economic Analysis. Projected data from National Petroleum Council,
Refinery Flexibility, 1980.
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National Petroleum Council, Refinery Flexibility, 1980. Percentages are share of total consumption in year shown.
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TABLE 2

U.s -- 1960-1990*

Actual Percentage Actual Percentage Actual Percentage Projected Percentage Projected Percentage

1960+t of Total 1970t of Total 1980+t of Total 1985+ of Total 1990+ of Total

Petroleum 20.0 45.3 29r5 44.2 34.2 44.8 34.9 42.1 33.7 38.0
Natural Gas 12.4 28.1 21.8 32.6 20.4 26.8 19.5 23.5 19.6 22.1

Subtotal 32.4 73.4 SH'e8 76.8 54.6 71.6 54.4 65.6 53.3 60.1
Coal 10.1 23.0 12.7 19.0 11557 20.6 9% 5 28" 545 24.2 27.3
Nuclear 0.0 <1 0.2 <1 2.7 3.5 5.3 6.4 7.0 7.9
Hydro and

Other 1.6 3.6 2.6 3.9 3.2 4.2 3.6 4.3 4.1 4.6

Total 44.1 100.0 66.8 100.0 76.3 100.0 82.9 100.0 88.6 100.0

*Actual data from Energy Information Administration, 1980 Annual to Volume II. Projected data from

National Petroleum Council, 1980.

tQuadrillion Btu's.



IT. U.S. Petroleum Supply

Figure 4 and Table 3 compare the supply projections of domestic
liquids production (crude oil and condensate and natural gas li-
quids) with petroleum imports to 1990. The 1980 NPC survey indi-
cated that conventional liquids production is projected to decline
sharply, from 10.2 million barrels per day (MMB/D) in 1980 to 8.5
MMB/D in 1990. Synthetic crude o0il production is projected to
increase from zero in 1980 to 0.5 MMB/D in 1990.

Total U.S. imports (crude and unfinished oils, and finished
products and natural gas liquids) are expected to increase from 6.8
MMB/D in 1980 to 7.5 MMB/D by 1990, with approximately the same
crude oil/product proportions as in 1980 -- three—-quarters crude
0il, one-quarter products.

TABLE 3

U.S. Petroleum Supply -- 1960-1990*
(Millions of Barrels Per Day)

Actual Projected
1960 1970 1980 1985 1990
Domestic Production
Crude 0il and Condensate 7.1 9.6 8.6 8.0 7.5
NGL 0.9 1.7 1.6 ile2 1.0
Syncrude Production 0.0 0.0 0.0 0.1 0.5
Subtotal 8.0 11.3  10.2 9.4 9.0
Imports
Crude and Unfinished Oils 1.0 1.3 5.2 6.0 5.7
Products and NGL 0.8 2.1 1.6 1.7 1.8
Subtotal 1.8 3.4 6.8 7.7 7.5
Processing Gain
and Stock Change 0.2 0.3 0.6 0.5 0eb
Total Petroleum Supply 10.0 15.0 17.6 17.6 17.0

*Actual data from Energy Information Administration, 1980 Annual
to Congress, Volume II. Projected data from National Petroleum
Council, Refinery Flexibility, 1980. Columns may not add due to
rounding.

III. U.S. Petroleum Demand

The projected 1990 total U.S. petroleum demand presented in
Figure 5 and Table 4 reflects the conservation of resources and the
shift in energy raw materials resulting from the political and
economic events of recent years. Total U.S. petroleum demand is
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Figure 4. U.S. Liquids Production and Petroleum Imports—1960-1990.

NOTE: Actual data from Energy Information Administration, 7980 Annual Report to Congress. Volume |l. Projected data from
National Petroleum Council, Refinery Flexibility. 1980. Percentages are share of total imports in year shown.

22



OTHER

TN RESIDUAL
A DISTILLATE

> B =7 FUEL
k ]
o
L . I
” 17.4
% : 16.8
o
e 14.7
<
m
pd
O
- 10
=
1960 1970 1980 1985 1990

YEAR
Figure 5. U.S. Domestic Petroleum Demand—1960-1990.

NOTE: Actual data from Energy Information Administration. 1980 Annual Report to Congress. Volume II. Projected data from
National Petroleum Council, Refinery Flexibility. 1980. Percentages are share of total demand in year shown.

TABLE 4

Total U.S. Demand for Products =-- 1960-1990%*
(Millions of Barrels Per Day)

Actual
1960 1970 1980 1985 1990
Motor Gasoline 4.1 5.8 6.9 6.5 6.0
Jet Fuel 0.3 1.0 1.1 1.1 1.2
Distillate Fuel 0il 1.9 2.5 3.0 3.4 B 15
Residual Fuel 0il 1.6 2.2 25 2.0 1.4
Other 2.2 3.2 8.5 4.4 4.7
Total Domestic
Demand for
Products 10.0 14.7 17.0 17.4 16.8

*Actual data from Energy Information Administration, 1980 Annual
to Volume II. Projected data from National Petroleum
Council, 1980.
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expected to remain fairly constant, although the economy as mea-
sured by the GNP is expected to grow. The demand will decrease
from its peak of 18.8 MMB/D in 1978 to 16.8 MMB/D in 1990.

The most significant decline in the outlook for future U.S.
product demand occurs in the demand for residual fuel oil, which is
expected to decrease approximately 44 percent over the next decade.
While the amount of high-sulfur residual fuel o0il as a percentage
of total residual fuel o0il demand is expected to increase by 2 per-
cent, the absolute volume is virtually half of the 1980 level.

Also, demand for middle distillates (kerosine and heating oil
No. 1, kerosine-type jet fuel, and distillate fuels) is projected
to remain essentially constant over the decade; motor gasoline
demand is expected to decrease from a high of 7.4 MMB/D in 1978 to
6.0 MMB/D in 1990, of which only 0.5 MMB/D is anticipated to be
leaded.

LEGISLATIVE AND REGULATORY CONSIDERATIONS

During the 1970's, government laws and regulations at all
levels (federal, state, and local) placed an extraordinary number
of constraints on the petroleum industry as well as on all the
basic industries in the national economy. Those key laws that have
a major impact on the petroleum industry are discussed below, as
are the principal international marine conventions to protect the
environment.

I. National

No other domestic policy challenges of recent times have been
addressed by all levels of government as forcefully, quickly, and
successfully as have the tasks of reducing the degradation of the
U.S. environment and preserving its pristine areas. Since the
NPC's 1971 report on this subject, the United States has entered
into a long-term commitment to restore and protect the quality of
the environment. Following the passage of the National Environ-
mental Policy Act of 1970 (NEPA) at the start of the decade, some
43 other major environmental laws and amendments to those laws have
been enacted, along with a number of others that are keyed to

specific problem areas. Appendix C lists those laws by year of
passage.

Beginning in the early 1970's, Congress increased the federal
authority in pollution control and environmental protection. Dur-
ing this period, Congress also began to pass laws that established
technology-based guidelines and technology-forcing provisions, in
spite of the fact that the technologies were not fully developed.
Industry was faced with the problem of equipping new and existing
industrial plants with pollution control facilities whose reli-
ability and efficiency had not yet been demonstrated.

In order to understand the breadth and complexity of the key
laws passed during the 1970's, and to achieve an appreciation of
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the interactions and multiplying effects, the following laws and
their key aspects are discussed below.

® National Environmental Policy Act

@ (Clean Air Act

® C(Clean Water Act

e Safe Drinking Water Act

® Resource Conservation and Recovery Act

e Comprehensive Environmental Response, Compensation and
Liability Act

e Endangered Species Act.

It is intended that this list be viewed without priorities in
mind -- it is simply a listing of those statutes that represent
major impacts on petroleum operations. The environmental consid-
erations sections of this report address these and other laws and
regulations specific to industry segments.

A number of key federal statutes and regulations impinge more
directly on the petroleum industry operations in Alaska and they
have been addressed in the NPC's 1981 report, U.S. Arctic 0il and
Gas. The following are of particular interest to Alaska:

@ Alaskan National Interest Lands Conservation Act

@ National Petroleum Reserve-Alaska Leasing Act

e Department of the Interior's Fiscal 1981 Appropriations Act.
A. National Environmental Act

The National Environmental Policy Act of 1970 set forth a
national policy "to encourage harmony between man and his environ-
ment, to promote efforts to prevent or eliminate damage to the
environment and promote the health and welfare of man, to encourage
a better understanding of ecological systems and natural resources
that are important to the nation, and to create a Council on
Environmental Quality."

A key element of NEPA is its action-forcing provision -- the
requirement that no major federal action affecting the environment
may be taken by a federal agency until it has analyzed the envi-
ronmental consequences of the proposed action and possible alterna-
tives. Not all federal agency actions require an environmental
impact statement (EIS). Some important actions, such as the grant-
ing of a Prevention of Significant Deterioration (PSD) permit, are
exempt from the coverage of NEPA. Agencies also have the authority
to make a finding after a brief environmental assessment that a
proposed action will have no significant impact and prepare no
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further analysis. In addition, some important petroleum industry
permits such as onshore drilling permits normally require only an
environmental assessment, even if there is no finding of signifi-
cant impact. But where no exemption applies and there is some
impact, an EIS must be prepared. Although some large projects have
been approved without an EIS, it is nearly certain that any major
energy project will involve at least one "major federal action,"
necessitating preparation of an EIS. Regardless of what triggers
the EIS, the environmental analysis must cover the entire project
and all of its impacts, not just the specific activity that may
have forced the review.

The preparation of an EIS is a time-consuming process. The EIS
must examine the environmental impact of the proposed action, ad-
verse environmental effects that cannot be mitigated, alternatives
to the proposed action, the relationship between short- and long-
term benefits and costs, and irreversible commitments of resources
associated with the proposed action. NEPA is essentially a
procedural statute; where an EIS is necessary, it must be prepared
in accord with a strict set of procedures. Early in the process,
the agency must publish a notice of intent to prepare an EIS and
invite public input to determine the scope of issues that will be
addressed. After that, a draft EIS will be prepared and made
publicly available. The agency must hold hearings on the proposal
and the draft. Comments made on the draft by any party must be
specifically addressed in the final EIS. Agency action on the
proposed permit or other action cannot be made before publication
of the final EIS and preparation of the public record of decision,
indicating the factors that lead to its final choice. 1If an agency
fails to meet the procedural requirements of NEPA, any party may go
to federal courts and obtain an injunction preventing action until
an adequate EIS has been prepared. NEPA legal suits rarely involve
the merits of the proposed project, but rather turn on the question
of whether a federal agency has met procedural requirements.

Preparation of an EIS, with its concomitant data collection and
public hearings, may take between one and two years. This delay
generally increases the project's costs. Although this activity
has been incorporated into most of the planning processes, the
delay can become critical at times and can add to the uncertainty
of certain high-risk projects.

The methodology of EIS preparation often results in an examina-
tion of worst-case scenarios and other conjectural impacts, which
may paint an unduly distorted picture of the likely hazards actual-
ly associated with the project. This can result in turning public
opinion against the project. Utilization of proper risk techniques
would provide a more balanced picture of the likely case.

B. Clean Air Act

The federal government first assumed responsibility for con-
trolling air pollution under the Air Pollution Control Act of 1955.
This Act was then amended by the Clean Air Act of 1963 and the Air
Quality Act of 1967. Further amendments were added in 1970 and
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1977. The 1970 amendments to the Clean Air Act formed the founda-
tion for the nation's present approach to air quality management by
establishing the requirement that National Ambient Air Quality
Standards (NAAQS) (designed to protect public health and welfare)
for pervasive pollutants be attained and maintained at all loca-
tions in the country. The 1970 amendments stipulated further
protection of existing air quality by requiring the use of best
available controls of pollutants at all new facilities. The PSD
policy, codified into law in 1977, requires that geographic areas
whose air quality is already better than NAAQS for a particular
pollutant shall be protected against "significant deterioration" of
that quality. Only a small increment, if any, of a NAAQS can then
be added to the atmospheric burden of the pollutant under consid-
eration in that area. The 1970 amendments also required that State
Implementation Plans (SIPs) be developed to ensure compliance with
the NAAQS and subsequently the PSD requirements. Visibility pro-
tection in large national parks, international parks, and wilder-
ness areas was provided by the 1977 amendments.

In 1971, the Environmental Protection Agency (EPA) established
NAAQS for six criteria pollutants: sulfur dioxide (SOp), total
suspended particulates (TSP), carbon monoxide (CO), nitrogen oxides
(NOg), oxidants, and non-methane hydrocarbons as an oxidant con-
trol method. Except for two changes, the initial standards have
remained unaltered: deletion of the 24-hour and annual average
secondary standards for SOj; and redesignation of the oxidant
standard to ozone [also made less stringent (0.08 to 0.12 parts per
million)]. 1In 1978, a lead standard was adopted by EPA.

The 1977 amendments to the Clean Air Act required EPA to re-
examine the NAAQS by December 31, 1980, and to re-examine each
NAAQS every five years thereafter. This ongoing review of the
NAAQS is an important activity relative to the nation's air pollu-
tion control program; any change in a standard could potentially
affect other Clean Air Act requirements since all stationary source
requirements have been designed to provide for compliance with the
standards. In this way, the NAAQS are pivotal to the specific
control strategies defined in the Clean Air Act.

EPA has responsibility for developing and promulgating the
NAAQS, and primary (health-related) standards are to be based on
current scientific knowledge concerning all identifiable health
effects associated with a pollutant (which are summarized in a
"criteria document"). Primary standards are established at a level
intended to protect even the most sensitive members of the popula-
tion and to provide, in addition, an "adequate margin of safety"
below that level. Further, all but the annual standards can be
exceeded only once per year. Therefore, the standards incorporate
several factors of conservatism. Finally, the Clean Air Act spe-
cifically omitted costs from the factors EPA must consider in
establishing the health-related standards. At present, there is
considerable debate in the scientific and regulatory communities as
to the form of the current standard-setting process and the basis
for the specific numerical standards, including the margin of safe-
ty concept. These issues are presently under scrutiny by diverse
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groups in the public and private sectors. Setting NAAQS is one of
the key issues of the 1980's discussed in Chapter Eight.

As part of its review, EPA has reviewed the oxidant standard,
altered the level, and changed the standards to incorporate spe-
cifically only ozone as the surrogate, as mentioned above; reviewed
the CO standard; and indicated that it plans to eliminate the
hydrocarbon standard. In addition, EPA is currently revising the
criteria documents for TSP and SOj;. Changes to these standards
may result from the ongoing reviews of health effects research.

The first draft of the revised criteria document was reviewed by
the Clean Air Scientific Advisory Committee (CASAC) of EPA's Sci-
ence Advisory Board, at a public meeting in August 1980. Concern
was expressed regarding deficiencies in the scientific bases for
the TSP standard at that time. The TSP standard in its current
form is considered by some CASAC members to be inadequate for the
protection of public health and welfare, because the health effects
of particles are suspected to be directly related to their size and
chemical compositions. Neither of these properties is reflected in
the current standards, which are based solely on mass concentra-
tion. Therefore, EPA is considering separate standards relating to
sulfate particulates and inhalable particulate material. EPA has
an extensive health effects research program in progress related to
fine particulates, but major epidemiological components of the
program will require several years for completion.

The 1970 amendments to the Clean Air Act specified that all
states were to attain the primary NAAQS by May 31, 1975 (in limited
cases, an extension to July 1977 was possible); secondary standards
were to be attained within a "reasonable period of time," generally
within three years of primary NAAQS attainment. (The 1977 amend-
ments to the Clean Air Act subsequently required attainment of the
primary standards by 1982, with possible extension to 1987 for
ozone and CO). However, due to problems in achieving the NAAQS in
many areas of the country, EPA developed an Emissions Offset Policy
in December 1976, which was subsequently incorporated in Part D
(Nonattainment) of the Clean Air Act as amended in 1977. This
policy states that major new and expanded sources must offset any
projected emissions increases with even greater corresponding
reductions in emissions in the area of proposed source location.

As the United States seeks to develop domestic oil and gas sup-
plies in the next decade, various facilities subject to air quality
regulations will be developed. These developments include modifi-
cations to existing facilities and construction of new capacity in
"grassroots" or greenfield areas (generally lacking supporting
infrastructure) and at more developed sites. The specific proce-
dures or pre-construction reviews of major oil and gas facilities
are dependent upon the attainment status of the NAAQS for each
pollutant to be emitted in significant quantity by the facility.
Where the NAAQS are not being attained, the facility owner/operator
must comply with the pre-construction review procedures governing
nonattainment; where the NAAQS are being attained, the facility
owner/operator must comply with the pre-construction review proce-
dures governing PSD areas. Occasionally, a single facility will be
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subject to both sets of pre-construction review procedures (e.g.,
where an area is designated as nonattainment for one or more
pollutants and attainment for other pollutants).

The total permit preparation and processing time for major new
and modified facilities is frequently 22 to 48 months. Of that
time, EPA averages only 8 1/2 months for its review and approval of
the permit, including public hearings, due in part to EPA's imple-
mentation of a high-priority system for energy-related projects.
Such detailed pre-construction review often results in delay and
uncertainty, which can increase the risks of capital investment and
of the ultimate viability of projects. Recent studies have indi-
cated that the pre-construction review process could be simplified,
thereby allowing significant cost and time savings in improving the
efficiency and certainty of industrial planning and development.d
In the case of the o0il and gas industries, improvement of the pre-
construction review process is critical as efforts to develop and
produce energy intensify in this decade.

1. Prevention of Significant Deterioration

The national goal to preserve air quality in less polluted
regions (i.e., prevent significant deterioration of air quality)
was explicitly codified into Part C of the Clean Air Act in August
1977. The stated purposes of the PSD policy are to preserve the
special air quality characteristics of national parks and other
identified areas, and to allow moderate growth of well-controlled
facilities at suitable locations in other clean air areas. To meet
this goal, the PSD rules establish emission control and siting
requirements on all new and expanded major emitting facilities in
clean air areas. These rules can limit the size of individual
plants as well as the total number of sites potentially suitable
for industrial development. Three classes of clean air areas have
been established and maximum increases of SO and TSP concentra-
tions have been specified for each area. These incremental values
(expressed in micrograms per cubic meter) are small percentages of
the related NAAQS for each pollutant. Control of air pollution
through the PSD policy, therefore, by definition goes well beyond
the control levels needed to protect public health.

PSD in the past has created substantial technical and adminis-
trative uncertainties and delays in major plant construction in the
country. A serious case is its potential impact on energy resource
development in the West, if the allowable increments are fully
utilized.

The PSD provisions of the 1977 amendments introduced:

@ Formal designation of attainment (PSD) areas.

® More stringent PSD increments for SOj and TSP (than EPA's
1974 regulations) in Class II and III areas.

e Mandatory designation of Class I areas for the following
areas in existence as of August 7, 1977: international
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parks, national wilderness areas, and memorial parks larger
than 5,000 acres; and national parks larger than 6,000
acres. There are 158 Class I areas nationwide.

e Expansion of the number of source categories subject to PSD
pre-construction review from 19 to 28. Petroleum refineries
and fuel conversion plants are two of the 28 specified
source categories.

@ A "two-tier" system, which was established for PSD pre-
construction review. Major new and modified stationary
sources within the 28 specified categories are subject to
PSD review if they have the potential to emit 100 tons or
more per year of any pollutant regulated under the Clean Air
Act. The emission threshhold for stationary sources other
than the 28 specified is 250 tons per year.

@ Increased application of Best Available Control Technology
(BACT) to all pollutants regulated under the Act. 1In
addition, BACT is to be determined on a case-by-case
basis and must be at least as stringent as the applicable
New Source Performance Standards (NSPS).

® More sophisticated modeling and monitoring requirements to
demonstrate compliance with the increments (and ambient
standards).

@ Specific air quality and meteorological monitoring require-
ments were added to the PSD review process.

® Requirements for additional analysis of impacts associated
with a proposed new source or modification of air quality
related values were added.

@ Additional PSD provisions, which were to be developed by
August 7, 1979, for the other criteria pollutants. PSD
rules for lead were to be promulgated by October 5, 1980.

On June 19, 1978, EPA promulgated regulations, issued in two
parts, to implement the PSD program established by the 1977
amendments. The 1978 PSD regulations were challenged by both
industry and environmental groups in Alabama Power vs. Costle,
heard by the U.S. Court of Appeals for the District of Columbia
Circuit. On June 18, 1979, the federal court released a prelimi-
nary decision and entertained petitions for reconsideration of some
issues. Meanwhile, to expedite the regulatory process governing
pre-construction review, EPA responded to the court's initial
decisions with proposed major amendments to the PSD regulations on
September 5, 1979. On December 14, 1979, the court issued its
final opinion, but stayed the effect of the decision pending EPA's
program for final implementation of its mandate. As a result of
the court's opinion, the final PSD regulations were ultimately
promulgated by EPA on August 7, 1980.
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2. Nonattainment

Part D of the Clean Air Act, as amended in 1977, establishes
specific provisions to permit limited industrial growth in areas of
the country designated as nonattainment, in order to foster simul-
taneous improvement in air quality. A nonattainment area is a
bounded region in which air quality levels do not comply with the
NAAQS for one or more pollutants based on valid monitoring data
and/or air quality modeling results. On March 3, 1978, EPA pub-
lished its first list delineating the attainment status of areas
throughout the country. This list is updated (usually at the
state's initiative), as the air quality in each area improves,
degrades, or the designation is changed by new data.

Under the Clean Air Act, states were required to revise their
SIPs by January 1, 1979 (with EPA review to be completed by July 1,
1979), to include detailed strategies for bringing nonattainment
areas into compliance by December 31, 1982 (the attainment date was
extended to 1987 in limited cases). The Act further authorizes EPA
to impose no-growth sanctions in areas of states or territories for
which there is no approved SIP. As of May 1981, a total of 31
states and one territory had no approved SIP for at least one
pollutant. To date, EPA has imposed moratoriums on construction of
major new or modified facilities in portions of over 30 states and
several major source permits have been delayed.

Major new and modified sources proposed for location in non-
attainment areas or having an impact on nearby nonattainment areas
are subject to the requirements listed below:

® Lowest Achievable Emission Rate

@ SIP compliance or an approved plan for compliance of all
sources owned by the applicant within the state

@ Offsets greater than one to one
e Positive net air quality benefit.

The complexity of these requirements adds to the time, cost,
and uncertainty of obtaining the necessary permits. The availa-
bility of satisfactory offsets might become critical in facilities
and areas that are already heavily controlled in attempts to meet
NAAQS. Collectively, these may cause viable energy projects to be
cancelled while still in the planning stage.

3. Future Amendments to the Clean Air Act

Modification of the PSD and nonattainment provisions of the
Clean Air Act may result from Congressional review pursuant to
reauthorization of the Act. Many industry groups, environmental
organizations, and local, state, and federal government entities
have prepared proposals for Congressional consideration. While
there is great diversity in these proposals, there is wide support
for simplifying the permit review process.
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The NPC believes that modifications to the Clean Air Act could
alleviate some of the problems inherent in the existing PSD and
nonattainment permit review requirements and could improve the
certainty and efficiency of the planning and development processes
for new and expanded sources in the petroleum industry. The
following issues should be considered in any future amendments to

the Clean Air Act:

@ Setting of NAAQS based on valid scientific studies subject
to peer review

@ PSD increments, including disposition of Class II and III
increments

@ Emissions offset requirements in nonattainment areas

@ Pre-construction permit process

@ Scope of visibility protection requirements

@ Use of cost-effectiveness and/or cost-benefit analyses as
the basis for specific legislative provisions and imple-
menting regulations

@ Federal sanctions 1n nonattainment areas.

C. Clean Wauv«r Act

The 1972 amendment to the Federal Water Pollution Control Act
expanded an existing federal role in water pollution control. It
expanded water quality standard programs initiated in 1965 and
extended the national program to all navigable waters in the United
States. It created a system of uniform national technology-based
effluent limitations, or more stringent limitations if required, to
meet water quality standards. It instituted a national permit
system for all point source discharges, and specific deadlines were
established for achieving those effluent limitations based on
designated control technologies. Two general goals were pro-
claimed: to achieve, wherever possible, by July 1, 1983, water
that is clean enough for swimming and other recreational uses, and
clean enough for the protection and propagation of fish, shellfish,
and wildlife; and by 1985, to have no discharge of pollutants into
the nation's waters.

The Clean Water Act Amendments of 1977 made major mid-course
corrections to the 1972 law and incorporated many of the provisions
of a previous court settlement on toxics control, adding new em-
phasis to the control of the discharge of toxic pollutants. It
divided pollutants into three classes -- conventional, nonconven-
tional, and toxic -- and different discharge requirements were
established for each class. Additional pretreatment requirements
were established for discharges to municipal sewage treatment
systems and EPA was authorized to control the runoff of toxic and
hazardous materials from industrial sites through Best Management
Practices.
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The 1978 amendments to the Clean Water Act specifically revised
provisions dealing with Section 311 discharges of o0il and hazardous
substances. These issues included the determination of harmful
quantities, penalties, and exclusion for hazardous substance dis-
charges regulated under National Pollutant Discharge Elimination
System (NPDES) permits.

The four principal sections of the Act that have direct impact
on the petroleum industry are: Section 402, National Pollutant
Discharge Elimination System; Section 404, permits for dredge or
fill material; Section 311, o0il and hazardous substances liability;
and Section 401, governing state certification of federal permits
for discharges originating in state waters.

1. NPDES Permits

The Clean Water Act prohibits the discharge of any pollutants,
except as authorized by an NPDES (or other) permit. Each NPDES
permit required compliance with effluent limitations by July 1,
1977, reflecting the Best Practicable Control Technology Currently
Available. By July 1, 1984, NPDES permit effluent limitations
further require application of the Best Available Technology
Economically Achievable (BAT) for toxic and nonconventional pollu-
tants and the Best Conventional Pollutant Control Technology for
conventional pollutants. The Clean Water Act provides for waivers
from BAT for nonconventional pollutants in some cases. New sources
are required to comply with NSPS, which reflect the greatest degree
of effluent reduction achievable through application of Best Avail-
able Demonstrated Control Technology, processes, operating methods,
and other alternatives including, where practicable, a standard
permitting no discharge of pollutants.

2. U.S. Corps of Engineers Permits

Section 404 permits are issued by the U.S. Army Corps of
Engineers for the discharge of dredge or fill material into the
navigable waters. Guidelines for permit issuance are developed by
EPA based upon criteria comparable to the criteria applicable to
the territorial seas and oceans. EPA, a state, or an adjacent
state may add stipulations to the Section 404 permit or prohibit
its issuance. EPA may withdraw the permit for a disposal site for
dredge or fill material whenever it determines, after a public
hearing, that the discharges will have an unacceptable adverse
effect on the receiving waters. To understand the real signifi-
cance of expanded review authority of the Corps of Engineers for
such permits, one must look at the related legislation that impacts
on the permitting decisions of the Corps.

@ Section 401 of the Clean Water Act requires certification
from the state in which the discharge originates that the
discharge will comply with the applicable effluent limita-
tion and water quality standards.

@ Section 307 of the Coastal Zone Management Act requires an
applicant to furnish a certification that the proposed
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activity will comply with the state's Coastal Zone Manage-
ment program. No permit will be issued until the state has
concurred with the applicant's certification.

Section 302 of the Marine Protection, Research and Sanctu-
aries Act authorizes the designation of marine sanctuaries.
Activities in the sanctuaries authorized by the Corps of
Engineers are valid only if the Secretary of Commerce
certifies that the activities are consistent with the
purposes of the Act and can be carried out within the
regulations for the specific sanctuaries.

NEPA may require an EIS when several Corps of Engineers
permits are issued in one specific area. An EIS may also be
required by an application for a permit that results in a
major federal action in the opinion of the Corps.

The Fish and Wildlife Act requires that before the Corps of
Engineers issues any permit that proposes to control or
modify any body of water, the Corps must first consult the
U.S. Fish and Wildlife Service, the National Marine Fishery
Service, as appropriate, and the head of the appropriate
state agency exercising administration over the wildlife
resources of the affected state.

The National Historical Preservation Act authorizes that
its advisory council review activities licensed by the
Corps that will have an effect upon properties listed in the

National Register of Historical Places or eligible for such
listing.

The Preservation of Historical and Archaeological Data Act
provides that the Corps of Engineers may delay granting a
permit if the permitted activity would alter any terrain
such that significant historical or archaeological data are
threatened, until the Secretary of the Interior takes action
necessary to recover and preserve the data.

The Endangered Species Act provides that the Corps of
Engineers must utilize its authorities by carrying out
programs for the conservation of endangered or threatened
species and by taking such action as is necessary to ensure
that any action authorized by the Corps will not jeopardize
the continued existence of such species or result in the
destruction or adverse modification of the habitat of such
species.

The Marine Mammal Protection Act of 1972 imposes a perpetual
moratorium on harassment of marine mammals and has the
potential for preventing the issuance of a Corps permit.

The Wild and Scenic Rivers Act provides that the Corps of
Engineers shall not assist by permit or otherwise in the
construction of any water resources project that would have
a direct and adverse effect on the values for which a river
was designated a wild and scenic river.
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@ In addition to all of these, where an application affects
wetlands, the District Engineer of the Corps may undertake
reviews of particular wetland areas in consultation with the
appropriate regional director of the Fish and Wildlife
Service, the National Marine Fishery Service, the National
Oceanic and Atmospheric Administration, the Regional
Administrator of EPA, local representatives of the Soil
Conservation Service of the Department of Agriculture, and
the head of the appropriate state agency to assess the
cumulative effect of activities in such areas.

3. 0il and Hazardous Substance Spills

The Clean Water Act prohibits the discharge of o0il or hazardous
substances, in quantities that may be harmful, into or upon the
navigable waters of the United States. A new National Contingency
Plan is required for the removal of oil and hazardous substances
and is now expected to be published in 1982. This plan will assign
duties and responsibilities among federal departments and agencies
in coordination with state and local agencies. Regulations are
specified to cover methods of procedures for prevention of spills
as well as of removal of any accidental discharges. Spillage of
any designated material that may be harmful must be immediately
reported to the National Response Center.

4, State Certification

The Clean Water Act also requires that NPDES permits contain
conditions that ensure compliance with applicable state water
quality standards or limitations. Under another section of the
Act, EPA may not issue an NPDES permit until the state in which the
discharge will originate grants or waives certification to ensure
compliance with appropriate requirements of the Clean Water Act and
state law. These stipulations frequently result in conflicts
between the federal agency and the state agency with a resultant
delay in the issuance of the final NPDES permit and the approval to
construct a new facility or modify an existing facility with the
necessary pollution control.

D. Safe Drinking Water Act

The Safe Drinking Water Act directs the establishment of two
major regulatory programs. One program relates to public water
systems and requires that EPA establish national primary and
secondary drinking water standards for public water systems. This
statute directs the primary enforcement responsibility to the
states to ensure that public water systems comply with the national
standards. The other program, which has the larger impact on the
0il and gas industries, relates to underground sources of drinking
water, and it requires that EPA publish regulations for state
underground injection control (UIC) programs. The UIC programs
regulate the re-injection of produced waters from exploration and
production operations, underground cavern storage of petroleum
products, and underground injection of hazardous wastes. These
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regulations must establish minimum requirements for effective
programs to prevent underground injection that endangers drinking
water sources. These regulations are in addition to the require-
ments set by state regulatory agencies. 0il and gas producing
states have developed and implemented very effective UIC
regulations.

E. Resource Conservation and Act

The Resource Conservation and Recovery Act of 1976 (RCRA)
provides a comprehensive program for the regulation of wastes. It
greatly expands the role of the federal government in the field of
waste disposal, with particular emphasis on the regulation of
hazardous waste and resource recovery. The program is to be
achieved through implementation of several programs: the estab-
lishment of a hazardous waste control program; a solid waste
management program in each state, together with a prohibition on
the practice of open dumping; and the encouragement, through
federal aid, of state and regional waste management planning.

The statute allows states to apply to EPA for authorization to
administer the hazardous waste program. EPA has issued regulations
and has established minimum requirements for state hazardous waste
programs in order to receive EPA approval.

Of particular interest to the petroleum industry is the regula-
tion, from generation to final disposal, of hazardous wastes. EPA
has promulgated regulations defining hazardous wastes, setting
requirements for generators and transporters, and setting interim
status standards for existing facilities that treat, store, and
dispose of hazardous wastes. Final standards for hazardous waste
management facilities are still being developed. The petroleum
industry is affected primarily by the broad classification of
hazardous wastes identified by EPA, which fails to distinguish be-
tween wastes that pose a lesser degree of hazard and such extremely
hazardous materials as Kepone or dioxin. This classification sys-
tem will result in secure disposal sites being used for waste with
a low degree of hazard, thereby increasing the shortfall of needed
capacity to dispose of truly hazardous waste.

An important question, primarily because of the potential
financial impact on the industry, is whether EPA will determine
that wastes associated with the drilling and producing sector of
the petroleum industry should be covered by RCRA regulations. At
the present time, wastes associated with petroleum and natural gas
drilling and production are excluded from the definition of hazard-
ous wastes. EPA does not anticipate completing the necessary
research work in this area and the possible regulations until at
least 1985. Compliance with the regulations proposed in December
1978 could have resulted in increased capital costs to the oil and
gas drilling industry of $31 billion (in mid-1978 dollars) as well
as increased annual direct operating and maintenance costs of $3.3
billion.3

In light of the concern that is expressed by the public and the
difficulty in satisfying the EPA criteria for hazardous waste
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disposal sites, a great deal of difficulty is envisioned in the
siting of hazardous waste disposal facilities and the subsequent
operation of those facilities. The potential lack of facilities,
especially in proximity to those facilities that generate most of
the hazardous wastes, can lead only to very high transportation and
administration costs.

One approach to the solution of the potential lack of disposal
facilities is legislation to establish and control such facilities
in a manner similar to that of public trusts. Private or publicly
owned hazardous waste disposal corporations would be encouraged by
appropriate federal and state legislation to establish and operate
disposal sites on properly designated lands. Proper schedules of
charges for disposal, together with a regulated profit margin would
be authorized. Proper compliance with construction, operation,
maintenance, recordkeeping, and closure standards would be assured
under terms of the site contract as well as regulatory provisions
in the enabling legislation. After final closure, the land would
revert to the federal and/or state government for stabilization and
containment of the waste in perpetuity. Such an organization could
assure the nation that hazardous wastes would be handled safely and
in compliance with all applicable control requirements.

F. The Comprehensive Environmental Response, Compensation
and Act

The Comprehensive Environmental Response, Compensation and
Liability Act of 1980, or "Superfund," establishes a federal fund
to finance government action to prevent threatened releases of
hazardous substances or to remedy the effects of past releases of
such substances. It provides for strict liability on the part of
owners and operators of vessels and waste disposal sites for the
release of hazardous materials into the environment. Through
imposition of an excise tax on crude o0il, petroleum products, and
42 basic industrial chemicals, a $1.6 billion fund will be estab-
lished to enable the government to pay cleanup costs resulting from
releases of hazardous substances into the environment when the
culpable party is unknown or unable to pay. The reporting require-
ments under the Act are expected to reveal the existence of hazard-
ous waste disposal sites that are not regulated, i.e., not active
under RCRA. Serious liability consequences may result to companies
that are subsequently found to have used sites that are creating a
danger to human health or the environment.

The ultimate effects of Superfund are somewhat less predictable
for the petroleum industry than for some other industries at this
point. The "deep pocket" approach, under which enforcement is
pressed against the party most likely to be able to pay, regardless
of the extent of culpability, could place an extreme liability on
financially solvent generators of hazardous wastes. Such genera-
tors are assumed to bear a liability for correcting disposal site
problems even though their only connection with the disposal opera-
tion is their contribution of wastes for disposal. The total im-
pact of Superfund on the petroleum industry cannot be determined
until the regulatory program is completed.
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G. The Endangered Species Act

The Endangered Species Act mandates affirmative action to
preserve endangered and threatened species. It declares that there
is a public responsibility to prevent the extinction of species of
fish, wildlife, or plants that would occur as a consequence of
economic growth or development; and it encourages the states,
through federal financial incentives, to develop and maintain con-
servation programs that work to meet this goal. It further pro-
vides that an entire ecosystem of a threatened species may be
conserved, and declares that it is the policy of Congress that all
federal departments and agencies shall seek to conserve endangered
species and use their authorities in furtherance of the Act.

This law presents barriers to petroleum industry development
because it is written in general language, providing the Executive
Branch regulators with significant new powers but little or no
operational guidance. The impact of the program has grown signifi-
cantly in recent years. The entire ecosystem of an endangered
species may encompass a vast amount of acreage or ocean that would
be placed off limits to natural resource development. The list of
endangered domestic flora and fauna contains approximately 300
species.

II. International Marine

Nations have a great interest in promoting a satisfactory
quality of international waters both of the high seas and of
international basin drainage systems. Pollution of the high seas
endangers the quality and resources of the territorial waters of
coastal nations and, of course, the shores as well.

A. Intergovernmental Maritime Consultative Organization

To serve as the institutional mechanism for establishing world-
wide vessel standards, the Intergovernmental Maritime Consultative
Organization (IMCO) was founded in 1959 under the auspices of the
United Nations. Since its inception, IMCO has been primarily a
maritime-nation agency dealing with technical maritime problems.
The costs of IMCO administration are divided among the maritime
nations according to the tonnage of vessels flying each nation's
flag. Non-maritime nations have a standing invitation to attend
IMCO meetings, but few have done so and their voting power has not
been substantial.

The following international conventions developed by or under
the jurisdiction of IMCO relate to vessel safety and pollution
prevention:

@ International Convention for Safety of Life at Sea (SOLAS),
1960 and 1974 (general life-saving requirements for
vessels).

@ International Convention on Load Lines, 1966 (established
load limits).
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@ International Regulation for Preventing Collisions at Sea,
1971 (voluntary rules of the road).

@ International Convention for the Prevention of Pollution of
the Sea by 0il, 1954 (operation discharge standards and
prohibited discharge zones), amended 1962, 1969, and 1971.
All amendments except 1971 are in force.

@ International Convention Relating to Intervention on the
High Seas in Cases of 0il Pollution, 1971 (rights of a
coastal nation to protect itself from a disabled vessel
carrying oil).

@ International Convention on Civil Liability for 0il
Pollution Damage, 1969 (sets strict liability with limits
for shipowners in cases of oil pollution).

e Convention on the Establishment of an International Fund for
Compensation for 0Oil Pollution Damage, 1971 (creates an
international fund to cover oil pollution damages beyond the
liability of the shipowner).

@ International Convention for the Prevention of Pollution
From Ships, 1973 -- referred to as MARPOL 1973 (new dis-
charge and construction standard treaty for all polluting
substances designed to substitute for the 1954 Convention --
not yet enforced).

e Tanker Safety and Pollution Prevention Convention of
February 1978 -- referred to as MARPOL 1978 (requires
segregated ballast tanks, dedicated clean ballast tanks, or
crude o0il washing equipment on existing and new vessels --
not yet enforced).

@ Standards of Training, Certification and Watchkeeping for
Seafarers, 1978 (national licensing programs, and improve-
ments in training, qualification, and certification for
tanker personnel -- not yet enforced).

The status of IMCO-related international conventions is shown in
Table 5.

International efforts to strictly control vessel-source pollu-
tion were actually initiated at the behest of the United States. A
conference on the subject convened in 1926 in Washington, D.C., but
a U.S. proposal for a total prohibition of o0il discharges from
ships was defeated two to one. It was not until 1954 that a con-
vention was finally concluded -- but without a discharge ban.
International discharges were merely limited and enforcement was to
be carried out by the flag-nation, using penalties it determined
appropriate. Nations other than the flag-nation could inspect the
vessel's o0il record book (mandated by the 1954 Convention) only
when it called at their ports and, if discrepancies were discov-
ered, they would have to request the flag-nation to take enforce-
ment action.
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TABLE 5

Status of IMCO-Related International Conventions

Convention

Safety of Life at Sea (SOLAS), 1960
Amendments:
1966 (Fire safety)
1967 (Fire safety/radio)
1968 (Navigation/equipment)
1969 (Equipment, surveys, and radio)
1971 (Radios and routing)
1973 (Editorial)
1973 (Grain)

Safety of Life at Sea (SOLAS), 1974
1978 Protocol (TSPP)

Collision Regulations, 1972

0il Pollution, 1954
Amendments:
1962 (Rewrite)
1969 (Eliminates prohibited zones,
allows limited discharge)
1971 (Tanker tank size)
1971 (Great Barrier Reef)

International Pollution from Ships
(MARPOL), 1973
1978 Protocol (includes modified
text of 1973 convention)

Load Line, 1966
1975 Amendments
Tonnage Measurement, 1969
Intervention, 1969 (High seas,
0il pollution casualties)
Civil Liability, 1969
Compensation Fund, 1973
Safe Containers (Geneva, 1972)
Search and Rescue Convention, 1979
Intervention, 1973 (High seas,
other than oil)
Ocean Dumping (London, 1972)
non-IMCO
Standards of Training, Certification,
and Watchkeeping, 1978
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Date of U.S.
Ratification

04-07-67
06-10-68
11-22-72
11=22=72
11-16-73
02-03-76
02-03-76

09-07-78
08-12-80

11-23-76

09-21-66

10-17-73

08-12-80

11-17-66

08-12-80

02-21-74

01-03-78

08-12-80

09-07-78

04-24-74

Date In Force
Internationally

1965

05-25-80
05-01-81

1977
1958
1967

1978

1968
07-18-82

1975
06-19-75

10-16-78
09-06-77

1975



The discharge standards and prohibited zones were made more
stringent in 1962. The 1969 amendments did away with zones
altogether and limited the rate of discharge of o0il even further.
But the discharge standards adopted would still permit a 300,000
deadweight ton (DWT) tanker to discharge a maximum of 20 tons
during the course of any one ballast voyage at a rate not to exceed
80 liters per mile.

The 1971 amendments to the 1954 Convention are more signifi-
cant. For the first time, construction standards were developed to
prevent or minimize oil outflow in the event of an accident. These
requirements restrict cargo tank size as a means of limiting maxi-
mum o0il outflow resulting from a tanker collision or grounding.

The 1954 Convention and amendments were subsequently superseded by
MARPOL 1973 and MARPOL 1978.

MARPOL 1973 was developed in London in November 1973, and
represented the most comprehensive treaty on the subject to that
time. Included were measures to control more pollutants than ever
before and emphasis was put on prevention rather than cleanup and
other post-accident measures. Briefly, the new treaty included the
following salient features:

® Regulation of ship discharges of oil, various liquid
substances, and harmful package goods

@ Control, for the first time, of tankers carrying refined
products

@ Requirements for segregated ballast for all tankers over
70,000 DWT contracted for after December 31, 1975 (but does
not require double bottoms)

@ Prohibition of all oil discharges within 50 miles of land
(as did the 1969 amendment)

e Mandate for all tankers to operate with the load-on-top
system, if capable

@ Reduction of maximum permissible discharge for new tankers
from 1/15,000 to 1/30,000 of cargo capacity (Note: no total
discharge prohibition)

® Regulation of the carriage of 353 noxious liquid substances
with requirements ranging from reception facilities to
dilution prior to discharge

@ Control of harmful package goods in terms of packaging,
labeling, stowage, and quantity limitations

@ Prohibition of discharge of sewage within four miles of land
unless the ship has an approved treatment plant in opera-
tion, and from 4 to 12 miles unless the sewage is macerated
and disinfected.?4

41



In the area of enforcement, the international legal status quo
was modified to some degree. The flag-nation must punish ship
owners for all violations. A coastal nation has the right (as well
as the duty) to punish the owner of a foreign-flag vessel for
violations occurring in its waters or to refer the violation to the
flag-nation for prosecution. Nations that ratify the treaty must
apply its terms to all vessels, including those flying flags of
nations that do not sign the treaty, in order to prevent vessels of
nonsignatory nations from gaining competitive advantage. To settle
any disputes, compulsory arbitration is a treaty requirement.

On the question of standard-setting authority, a provision was
defeated that would have made the treaty provisions exclusive on
subjects it addressed. Consequently, there are no treaty re-
strictions on the right of coastal nations to set more stringent
requirements within their jurisdictional waters.

The MARPOL 1973 Convention must be ratified by at least 15 na-
tions that, among them, represent at least 50 percent of the total
tonnage in the world fleet. Since previous conventions required
ratification by 32 nations, this represents a significant easing of
the ratification process.

In mid-December 1976, the Argo Merchant ran aground and broke
up near Nantucket, Massachusetts. 1In a little over three months
there were 14 more tanker-related incidents off U.S. coasts. Of
these, almost two-thirds were serious. Following these accidents,
the President warned the world maritime community that the United
States intended to ensure that the events of the winter of 1976-
1977 would not re-occur. The Administration suggested that the
United States would take unilateral action if necessary, but that
it would prefer to join the international shipping community in
improving tanker regulations and existing pollution prevention
measures. In response to the President's initiatives, the Tanker
Safety and Pollution Prevention Conference was convened in February
1978. The outcome of this IMCO conference was the adoption of
amendments to SOLAS 1974 and MARPOL 1973. Because procedural
constraints do not permit amendments to conventions that are not in
force and neither SOLAS 1974 nor MARPOL 1973 had been ratified by
the requisite number of states at the date of the convention, the
conference results became "protocols" to these two conventions.

The new requirements are as follows:

@ SOLAS Protocol 1978

Improved inspection and certification procedures for all
ships.

Inert gas systems for all new tankers of 20,000 DWT and
over and existing tankers of 40,000 DWT or more.

Second radar on all ships over 10,000 gross registered

tons (GRT). IMCO was obligated to prepare a performance
specification for collision avoidance aids.
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- Improved emergency steering gear requiring two indepen-
dent steering control systems for all tankers 10,000 GRT
or more.

® MARPOL Protocol 1978

Protective location of segregated ballast tanks in the
side and bottom shell areas for new tankers

Clean ballast tanks as an alternative to segregated bal-
last on product tankers by using dedicated cargo tanks
only for clean ballast water

Crude o0il washing for tankers of 20,000 DWT and over and
as an alternative to segregated ballast for existing
crude oil tankers of 40,000 DWT or more.

MARPOL 1973 and its 1978 Protocol are not yet in force; however,
SOLAS 1974 has been in force since May 1980 and its 1978 Protocol
came into force on May 1, 1981,

Recognizing the importance of the human element in mitigating
pollution incidents on the seas, IMCO called a conference that
resulted in an International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers, 1978. This confer-
ence was the first ever called to establish international standards
for ships' officers and crews. Specifically, the Convention pro-
vides for the submission of national licensing programs and the
exchange of data among parties, and it provides for the training,
qualification, and certification of tanker personnel.

COSTS OF ENVIRONMENTAL CONTROLS TO THE PETROLEUM INDUSTRY
I. The Past

The Secretary of Energy requested of the NPC information on the
impact of environmental controls on the cost of petroleum products
and natural gas. The American Petroleum Institute's (API) Annual
Expenditure Survey describes and documents the cost to U.S.
petroleum companies, representing 70 percent of U.S. refining
capacity.5 These costs are reported as spent and have not been
extrapolated to include the nonreporting companies. The annual
report shows the specific costs for the current 1l0-year period with
a variety of parameters: total expenditures; capital expenditures;
administrative, operating, and maintenance expenditures; and
research and development expenditures for each year. The details
of those expenditures are broadened to identify the costs for air,
water, and land and other, as well as for the industry operating
segments: exploration and production, transportation, marketing,
and refining. These costs include only firmly identified expendi-
tures and do not include costs of delays or lost opportunities
resulting from environmental regulations.
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Specific details of the latest survey are provided in Tables 6,
7, 8, 9, and 10. Figures 6, 7, and 8 show some very interesting
trends in expenditures, especially the dramatic increase in operat-
ing expenditures when compared with capital expenditures. This
increase is due in part to the large increase in the cost of energy
to operate the control equipment and the process units to make
environmentally acceptable products, as well as the increased
effort to operate and maintain the new pollution control devices.
By 1979, the total expenditures for the l0-year period for capital
and operating expenses were essentially the same, approximately
$8.5 billion each. By 1980, the total 10-year operating expendi-
tures exceeded the capital expenditures by almost $1.1 billion and
that trend is predicted to continue.

II. The Future

During the 1970's, Battelle Columbus Laboratories analyzed the
cost of environmental regulations to the U.S. domestic petroleum
industry.6 The 1980 report conducted during the 1978-1979 period
not only included the cost of controlling pollution in production,
refining, transportation, and marketing, but also added the cost of
providing products that met the specifications set by environmental
regulations.

The Battelle report estimates costs for the entire petroleum
industry and presents its results in terms of constant 1979
dollars. These costs are different from the API-reported costs.

The analysis developed both capital and operating costs and
from these developed an annualized cost using a 12.5 percent return
after taxes. Two cost scenarios were developed -- an anticipated
case, which assumes moderate regulatory severity, and a restrictive
case, which assumes a severe one. This report will use the antici-
pated case where regulations are in place or nearly so and the re-
strictive scenario only in the case of those regulations resulting
from RCRA.

The cumulative capital investment by 1990 is $57 billion (con-
stant 1979 dollars, excluding RCRA requirements) in the anticipated
case. The annual capital cost for 1990 is $2 billion; of particu-
lar interest is the fact that the increased energy required in 1990
for the facilities represented by these expenditures is equivalent
to approximately 450,000 barrels of oil per day.

The most costly potential regulations are those related to
RCRA, which amount to an annualized cost of $44 billion in 1990
using a strict interpretation of regulations announced at the time
of the study. Because of uncertainties in regulations to be
proposed and legislation being considered at the time, it was
impossible then and now to properly evaluate the impact. It is now
anticipated that EPA's approach will be moderated to a large degree
so that this is an exaggerated case in the short term.
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SOURCE:

1971

$571
415
101
$1,087

$391
224
57
$672

$143
185
41
$369

$37
6
)
$46

TABLE 6

of Environmental of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1972 1973 1974 1975 1976 1977 1978 1979 1980
Total Expenditures (Table 7)
$550 $737 $932 $1,039 $1,216 $1,188 $1,349 $1,616 $2,184
379 402 530 629 822 950 884 1,001 1,299
91 100 150 456 336 383 194 203 357
$1,020 $1,239 $1,612 $2,124 $2,374 $2,521 $2,427 $2,820 $3,840
Capital Expenditures (Table 8)
$305 $436 SI527 $601 $536 $339 $429 $561 $728
184 194 271 356 411 434 340 394 527
541 52 97 396 269 184 89 92 183
$540 $682 $895 $1,353 $1,216 $957 $858 $1,047 $1,438
Administrative, Operating, and Maintenance Expenditures (Table 9)

$198 $251 $352 $389 $635 $792 $864 $997 $1,392
187 201 249 262 401 502 532 594 754
37 43 50 55 63 197 101 106 165
$422 $495 $651 $706 $1,099 $1,491 $1,497 $1,697 $2,311

Research and Development Expenditures (Table 10)

$47 $50 $53 $49 $45 $57 $56 $58 $64
8 7 10 11 10 14 12 13 18
3 5 3 ) 4 2 4 ;] ;)
$58 $62 $66 $65 $59 $73 $72 $76 $91
. of the United States Petroleum _ 1981.

American Petroleum Institute, Environmental .

Total
1971-1980

$11,382
7,311
2,371
$21,064

$4,853
3,335
1,470
$9,658

$6,013
3,867
858
$10,738

$516
109
43
$668
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Administrative, Operating,
and Maintenance

Research and Development
Total

Water

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

Land and Other

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

Air, Water, Land and Other

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

SOURCE: American Petroleum Institute,

TABLE 7

Total Environmental of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
$391 $305 $436 SIS $601 $536 $339 $429 $561 $728
143 198 251 3152, 389 635 792 864 997 1,392
37 47 50 5K 49 45 557, 56 58 64
$571 $550 $737 $932 $1,039 $1,216 $1,188 $1,349 $1,616 $2,184
$224 $184 $194 $271 $356 $411 $434 $340 $394 $527
185 187 201 249 262 401 502 532 594 754
6 8 7 10 11 10 14 g2 13 18
$415 $379 $402 $530 $629 $822 $950 $884 $1,001 $1,299
$ 157 $51 St 52 S) Sk $396 $269 $184 S 89 $ 92 $183
41 37 43 50 55 63 197 101 106 165
_3 3 _5 _3 3 _4 _2 _4 ) =)
$101 $91 $100 $150 $456 $336 $383 $194 $203 SBS%
$672 $540 $682 $895 $1,353 $1,216 S957 $858 $1,047 $1,438
369 422 495 651 706 1,099 1,491 1,497 1,697 2,31
46 58 62 66 65 59 73 72 76 91
$1,087 $1,020 $1,239 $1,612 $2,124 $2,374 $2,521 $2,427 $2,820 $3,840
Environmental of the United States Petroleum 1981.

Total
1971-1980

$4,853

6,013
516
$11,382

$3,335

3,867
200
$7,311

$1,470

858
43
$2,371

$9,658

10,738
668
$21,064
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Air

Exploration and Production
Transportation
Marketing
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Total

Water

Exploration and Production
Transportation
Marketing
Manufacturing
Total

Land and Other

Exploration and Production
Transportation
Marketing
Manufacturing
Total

Air, Water, Land and Other

Total

TABLE 8

Environmental of the Petroleum Industry -- 1971-1980
(Millions of Dollars)
Year

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
SIS $17 $14 $27 $59 $85 $68 S519 $55 $123
8 3 10 22 35/ 30 26 20 15 33

39 21 43 105 55 36 15 18 43 74
329 264 369 373 450 385 230 3312 448 498
$391 $305 $436 $527 $601 $536 $339 $429 $561 $728
$82 $68 $62 $92 $117 $135 $187 $206 $240 $316
20 16 22 37 84 517 45 38 35 50
10 14 17 19 25 16 13 13 19 38
112 86 93 123 130 203 189 83 100 d23
$224 $184 $194 $271 $356 $411 $434 $340 $394 $527
$13 $22 $27 $38 $57 $70 $54 $i59 $63 $120
6 8 9 37 322 188 106 18 12 14

11 14 8 6 4 3| 3, 4 3 14
27 7 8 16 13 _8 21 ) 14 35
S$57 $i51 $52 $97 $396 $269 $184 $89 $92 $183
$672 $540 $682 $895 $1,353 $1,216 $957 $858 $1,047 $1,438

Environmental of the United States Petroleum 1981.

SOURCE: American Petroleum Institute,

Total

1971-1980

$522
204
449
3,678
$4,853

$1,505
404
184
1,242
$3,335

$523
720

70

157
$1,470

$9,658
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Air

Water

TABLE 9

Environmental Administrative, Operating,
and Maintenance of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Exploration and Production $8 $8 $12 $15 $20 $21 $28 $32 $35 $62
Transportation 6 3 4 3 7 16 11 12 12 16
Marketing 13 156 21 43 34 24 30 29 37 57
Manufacturing 116 172 214 291 328 574 723 791 913 1,262
Total $143 $198 $251 $352 $389 $635 $792 $864 $997 $1,392
Exploration and Production $84 $66 $69 $90 $87 $145 $141 $154 $173 $215
Transportation 21 15 16 25 28 46 37 316 35 39
Marketing 5 6 74 8 Uy 13 13 22 19 24
Manufacturing 75 100 109 126 136 227 3114 320 367 476
Total $185 $187 $201 $249 $262 $401 $502 $532 $594 $754
Land and Other
Exploration and Production $16 $16 $20 $24 $29 $27 S3i $38 $36 $512
Transportation 5 9 8 8 8 14 128 24 18 19
Marketing 7 4 5 5 3 3 4 5 5 8
Manufacturing 13 8 10 13 15 19 34 34 47 86
Total $41 $37 $43 $50 $55 $63 $197 $101 $106 $165
Air, Water, Land and Other

Total $369 $422 $495 $651 $706 $1,099 $1,491 $1,497 $1,697 $2,311

SOURCE: American Petroleum Institute, Environmental of the United States Petroleum 1981.

Total

1971-1980

$241
90

298
5,384
$6,013

$1,194
293
128
2,247
$3,867

$10,738
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TABLE 10

Environmental Research and of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Air
Product $22 $18 $19 $18 $15 $18 $24 $25 S22 1 $21
Process 14 26 29 33 32 25 30 28 34 40
Sampling and Testing 1 3 2 2 2 2 3 3 3 3
Total $37 $47 $50 SI5)3] $49 $45 S517 $56 $58 $64
Water
Product $2 $2 $1 $2 $3 $2 sS4 $4 $3 $ 4
Process 3 4 4 7 6 7 6 7 9 12
Sampling and Testing 1 2 2 1 2 1 4 il 1 2
Total $6 $8 $7 $10 S$11 $10 S$14 $12 $118 $18
Land and Other
Product = $1 $1 = $1 $1 - = $1 $2
Process 1 1 2 2 ) 2 2 3 5
Sampling and Testing 2 1 2 1 2 1 = 1 1 2
Total $3 $3 $5 $3 $5 s$4 $2 sS4 $5 $9
Air, Water, Land and Other
Total $46 $58 $62 $66 $65 $59 $73 $72 $76 $91
SOURCE: American Petroleum Institute, Environmental of the United States Petroleum 1981.

Total
1971-1980

$201
291
24
$516

$27
65
17
$109

$7
23
13
$43

$668
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NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.
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Figure 7. Environmental Capital Expenditures of the Petroleum Industry—1971-1980.

NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.
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NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.

Tables 11, 12, 13, and 14 summarize the various analyses made
during the study for all industry sectors, again excluding RCRA
costs. The petroleum industry as a whole was forecast to i1ncur an
annualized cost of $13 billion in 1980 (1979 dollars), which will
rise in 1990 to $17 billion plus RCRA costs. For additional
details, see the Battelle report.

In order to put these expenditures and forecasted costs in some
perspective, Table 15 shows the estimated incremental pollution
expenditures for both the public and private sectors in the United
States for the 1979-1988 period, as projected by the Council on
Environmental Quality 1in 1980.7 During the 10 years from 1979 to
1988, total spending in response to the federal environmental
quality regulations 1is expected to total $518.5 billion.
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TABLE 11

Total Annualized Costs of Environmental Regulations
to the Petroleum Industry -- 1970-1990%*
(Millions of 1979 Dollars)

1985 1990
1970 1975 1980 Anticipated Anticipated

Air

Exploration and Production $26 $88 $320 $600 $850

Transportation 23 73 80 110

Refining 540 3,400 5,300 5,900 5,800

Distribution and Marketing 220 310 350 330

All Sectors 560 3,700 6,100 6,900 7,100
Water

Exploration and Production $1,400 $2,400 $3,600 $4,900 $5,500

Transportation 3 42 120 410 440

Refining 290 1,000 1,900 2,100 2,200

Distribution and Marketing 48 180 180 180

All Sectors 1,700 3,500 5,800 7,600 8,300
Solid

Exploration and Production $23 $35 $45 $54 $40

Transportation

Refining e r

Distribution and Marketing

All Sectors 23 35 45 54 40
Other Pollution

(e.g., Odor and Noise)

Exploration and Production s$19 $19 $19 $19 $19

Transportation 65 82 82 81

Refining 2 50 320 810 830

Distribution and Marketing

All Sectors 22 130 420 910 930
All Pollution

Exploration and Production $1,400 $2,600 $4,000 $5,600 $6,400

Transportation 4 130 270 570 630

Refining 830 4,400 7,500 8,800 8,800

Distribution and Marketing —— 270 490 5310 500

All Sectors 2.,:300 7,400 12,000 15,000 16,000
Unallocated

All Sectors $80 $160 $220 $230 $230

Grand Total $2,400 $7,500 $13,000 $16,000 $17,000

*Excludes RCRA costs. Totals may not add due to rounding.

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the
Petroleum Industry, July 31, 1980.
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TABLE 12

Cumulative Capital Investment Expenditures on Environmental

Reqgulations by the Petroleum Industry -- 1970-1990%*
(Millions of 1979 Dollars)
1985
1970 1975 1980 Anticipated
Air
Exploration and Production $76 $270 $820 $1,400
Transportation 52 160 180
Refining 1,800 7,400 11,000 13,000
Distribution and Marketing 800 1,200 1,800
All Sectors 1,900 8,500 13,000 16,000
Water
Exploration and Production $4,700 $7,200 $11,000 $16,000
Transportation 7 110 310 1,300
Refining 850 2,600 4,800 5,900
Distribution and Marketing 210 540 540
All Sectors 5,600 10,000 16,000 24,000
Solid
Exploration and Production
Transportation
Refining
Distribution and Marketing
All Sectors
Other Pollution
(e.g., Odor and Noise)
Exploration and Production $15 $90 $170 $240
Transportation 6 260 330 330
Refining 180 1,200 2,900
Distribution and Marketing
All Sectors 242, 530 1,600 3,500
All Pollution
Exploration and Production $4,800 $7,600 $12,000 $17,000
Transportation 13 420 790 1,900
Refining 2,700 10,000 17,000 22,000
Distribution and Marketing -- 1,000 1,700 2,300
Grand Total $7,500 $19,000 $31,000 $43,000

*Excludes RCRA costs. Totals may not add due to rounding.

1990
Anticipated

$2,000
290
19,000
2,000
23,000

$21,000
1,500
7,500
540
30,000

$320
330
3,000

3,700

$23,000
2,100
30,000
2,600

$57,000

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the

Petroleum Industry, July 31,

1980.
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TABLE 13

Annual Capital Investment on Environmental
by the Petroleum Industry -- 1970-1990*
(Millions of 1979 Dollars)

1985 1990
1970 1975 1980 Anticipated
Air
Exploration and Production $19 $78 $160 $120 $120
Transportation 32 26
Refining 1,500 610 1,000 213 390
Distribution and Marketing 390 52 150 33
All Sectors 1,500 1,100 1,200 500 550
Water
Exploration and Production $470 $610 $890 $1,000 $1,000
Transportation i, 44 13 205 22
Refining 170 480 130 200 410
Distribution and Marketing 3 140
All Sectors 640 1,100 1,000 1,400 1,400
Solid
Exploration and Production
Transportation
Refining =
Distribution and Marketing
All Sectors
Other Pollution
(e.g., Odor and Noise)
Exploration and Production $15 $15 $15 $15 $15
Transportation 6 68
Refining 170 170 12 18
Distribution and Marketing
All Sectors 22 250 180 27 33
All Pollution
Exploration and Production $500 $700 $1,100 $1,100 $1,100
Transportation 13 140 13 230 23
Refining 1,700 1,300 1,300 430 820
Distribution and Marketing - 390 52 150 33
Grand Total $2,200 $2,500 $2,500 $1,900 $2,000

*Excludes RCRA costs. Totals may not add due to rounding.

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the
Petroleum Industry, July 31, 1980.
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TABLE 14

Net Operating Costs of Environmental Requlations

to the Petroleum Industry --

Air

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Water

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Solid

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Other Pollution
(e.g., Odor and Noise)

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

All Pollution
Exploration and Production
Transportation
Refining
Distribution and Marketing
All Sectors

Unallocated

All Sectors

Grand Total

(Millions of 1979 Dollars)

1970 1975
$8 $27
11

110 1,600
40

120 1,700
$320 $830
1 18

93 400
410 1,200
$23 $35
23 35

6

7

13

$350 $900
35

200 2,100
40

500 3,000
$80 $160

$630 $3,200

1970-1990%*

1980

$140
38
2,800
39
3,000

$1,200
47

770

S
2,100

$45

45

59

$1,400
93
3,600
97
5,200

$220

$5,400

*Excludes RCRA costs. Totals may not add due to rounding.

1985
Anticipated

$280
39
3,100
510
3,400

$1,400
93

860

57
2,400

$54

54

130

140

$1,700
140
4,100

6,000

$230

$6,200

1990

$420
43
3,000
-81
3,300

$1,400
93

920

Sil
2,500

$40

40

135

140

$1,900
140
4,000
-26
6,000

$230

$6,200

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the

Petroleum Industry, July 31,

1980.
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99

Program

Air Pollution
Public
Private
Mobile
Industrial
Electric Utilities
Subtotal

Water Pollution
Public
Private
Industrial
Electric Utilities
Subtotal

Solid Waste
Public
Private

Subtotal

Toxic Substances
Drinking Water
Noise

Pesticides

Land Reclamation

Total

TABLE

Estimated Incremental Pollution Abatement
(Billions of 1979 Dollars)

Operation
and
Mainte-
nance

"nn O w
.
BDw b

$<0.05
<0.05
$<0.05

$0.1

<0.05

<0.05
0.1
0.3

$17.8

1979

Annual
Capital
Costs?t

SgonN
.
[PV o))

$<0.05
<0.05
$<0.05

$0.2

<0.05
0.1

<0.05
1.1

$19.1

Total
Annual
Costs

$36.9

1979-1988*

1988
Operation
and Annual Total
Mainte- Capital Annual
nance Costs Costs
$2.0 $0.5 S 2r5
3.7 11.0 14.7
3.0 4.1 7.1
7.6 5.7 18.3
$16.3 $21.3 $37.6
SBrRE3 $10.0 $13.3
5.4 4.5 9.9
0.3 0.9 1.2
$9.0 $15.4 $24.4
$0.4 $0.3 $0.7
0. 0.7 1.6
] $1.0 $2.3
$0.5 $0.6 $1.1
0 il 0.3 0.4
0.6 1.0 1.6
0 <0.05 0.1
0.3 1.2 1.5
$28.2 $40.8 $69.0

Cumulative (1979-1988)
Operation
and
Mainte- Capital Total
nance costs? Costs
$15.8 $3.7 $19.5
32.1 83.7 115.8
25.8 33.0 58.8
62.3 42 .7 105.0
$1816.10 $163.1 $299.1
$25.1 $59.2 $84.3
42.0 34.0 76.0
2.9 6.5 9.4
$70.0 $99.7 $169.7
$2.6 $2.0 $4.6
6.4 4.4 10.8
$9.0 6.4 $15.4
$3.6 $4.6 $8.2
1.3 1.4 2.7
2.6 4.3 6.9
U8 <0.05 1.2
3.8 11.5 15.3
$227.5 $291.0 $518.5

*Incremental costs are those made in response to federal legislation beyond those that would have been made in the
absence of that legislation.

TInterest and depreciation.

SOURCE:

Council on Environmental Quality,

Environmental Quality,

1980.



REFERENCES AND NOTES

lEnvironmental Research and Technology, Inc., Effects of the
Clean Air Act on Industrial Planning and Development, July 1981;
Environmental Research and Technology, Inc., Impact of Air
Permits Procedures on Industrial Planning and Development, November
1980; National Council on Air Quality, To Breathe Clean Air, Report
to the Congress, March 1981.

2Federal Register, 45 FR 52696.

3scs Engineers, Assessment of Petroleum Cost of
Compliance With Proposed Hazardous Waste Regulations, 1979.

4These features are stated as optional annexes to the
Convention; i.e., a state could adopt the Convention with or
without any of these features.

SAmerican Petroleum Institute, Environmental Expenditures of

the United States Petroleum 1971-1980, 1981.
bBattelle Columbus Laboratories, The Cost of Environmental
Regulations to the Petroleum July 31, 1981.
7Council on Environmental Quality, = " Quality

1980, December 1980.

57



CHAPTER TWO

EXPLORATION AND PRODUCTION

INDUSTRY OPERATIONS

INTRODUCTION .cceeeeoceascccsscsoosnocossosossssssosocscsscssssssssssssse Ol

EXPLORATION ®© © 0 0 0 0 0 000 0000 0 0 00 0600000000 0000000000 000000000000 00 63

I. Geological 63
IT. Photographic and Sonar Surveys 64
III. Geophysical 64
IV. Geochemical 65
V. Continental Offshore Stratigraphic Test Wells 66
DRILLING AND COMPLETION 66
I. Drilling Rigs and Drilling Operations 66
II. Onshore Drilling : 75
III. Offshore Drilling 75
Iv. Formation Evaluation . 85
V. Completion Operations 86

PRODUCT T ONS RN e e ok N Nete B el sl leNe Fefolel ohal sliele N Ne hol o N Mo lo N oo RN Ne e Ro e Ne Ne e R e e el ne e e ie N B /.

I. Production Systems 90
II. Artificial Lift . 93
III. Production Maintenance 93
NATURAL GAS PROCESSING 99

U.S. RESOURCE BASE

CONVENTIONALLY PRODUCIBLE OIL AND GAS 105
TIGHT GAS RESERVOIR POTENTIAL 108
ENHANCED OIL RECOVERY POTENTIAL 111

59



ENVIRONMENTAL CONSIDERATIONS

LAND - ONSHORE ® © 0.0 0 00 00 0000000000000 000000000000 00000000000

I. Land Access, Land Withdrawals, and Land-Use Planning

ITI. Onshore Leasing and Bidding Systems and

Lease Stipulations ® 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0o
IITI. Onshore Permitting .eeeeeceeceecsssssssssssssssssssssssss

LAND—— OFFSHORE © © 0000000000000 000000000000 00

18 Overview -- Access and Development

II. Outer Continental Shelf Lands Act Amendments of 1978
III. The Five-Year OCS 0il and Gas Leasing Schedule

IV. Coastal Zone Management ACt eeeeoocoosss

V. Marine Sanctuaries Program .c.e.cececeeesees

AIR ® © 0 0 0 0 0 0 0 0 0 2 0 0 O O O OO OO OO OO OO OO SO O O

I. Overview of Exploration and Production Requirements
Under the Clean Air Act ® O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0 0 0 o0

II. Exploration Operations ...ceeseececeessss

IIT. Drilling OPEeratiONS « «oe %o oo ool i

Iv. Production Operations .eeeceeeeeeccocsnse

WATER ® © 0 & 0 0 0 & 0 0 0 0 0 O 0 0 O 0 O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0

I. Onshore Exploration and Development Drilling and

Production OperatioOnNsS ceeeeecsessscsccssosccscsscscs
II. Of fshore Exploration and Development Drilling

III. Environmental Expenditures

WASTE MANAGEMENT
I. Background
LI, Research

ENVIRONMENTAL EXPENDITURES

REFERENCES AND NOTES

60

112
112
126
138
143
143
144
145

157
160

l64

164
167
168
169

173

173
184
201

202

202

203

205

206



CHAPTER TWO

EXPLORATION AND PRODUCTION

INDUSTRY OPERATIONS

INTRODUCTION

The many facets of o0il and gas exploration and production
operations are interrelated and interdependent, functioning concur-
rently for most of the life of a producing area, or field. The
industry is composed of thousands of explorers and producers, and
is supported by thousands of manufacturers, suppliers, and service
contractors. The diagram in Figure 9 illustrates in simplified
fashion the flow of activities from the time exploration starts,
through the development of a commercial petroleum deposit, to field
abandonment and the return of the land to its original use or a
new use.

Exploration begins with geological and geophysical work and
continues through the drilling and evaluation (logging) of several
wells, most of which are nonproductive. It does not stop with the
completion of a discovery well. Confirmation and extension wells
are necessary to determine if a reservoir is of commercial quality
and size. After a sufficient volume of producible o0il and/or gas
has been found, production facilities are installed, development
wells drilled, transportation to markets arranged, and production
is begun.

During the productive life of a field, it is often necessary to
re—enter wells to do repairs and modifications such as production
stimulation, control of produced waters, and control of formation
sand intrusion. On initial completion, or when the natural reser-
voir pressure declines as 0il is extracted and a well no longer
flows, artificial lift devices, such as beam- and rod-supported
subsurface pumps or gas lift facilities, are usually installed.
Compressors are frequently used to increase the rate of production
and extend the producing life of gas wells.

Throughout the productive life of a field, well and reservoir
performance are studied. Remedial, stimulation, and recompletion
work is performed and fluid or gas may be injected to maintain
production. Wells may be deepened or supplemental wells drilled.
There is a constant effort to sell or inject all produced natural
gas. Water produced with the oil is separated, treated, and dis-
posed of in a legally and environmentally acceptable manner either
by injection into the ground or by discharge into surface water
when permitted.

Gas produced with oil or from gas wells may contain enough
heavier hydrocarbons (propane, butane, and natural gasoline) to
economically justify extracting the natural gas liquids. Other
produced gas may contain almost all light hydrocarbons (methane and
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Figure 9. Simplified Flow Diagram Showing Operations for Exploration,
Discovery, Production, and Abandonment of an Oil or Gas Field.
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ethane) and is marketed without liquid extraction. Corrosive and
toxic contaminants such as carbon dioxide (COp) and hydrogen
sulfide (H7S) are separated for disposal before the gas is
processed.

The productive life of many oil fields is extended by water
flood or gas injection (secondary recovery). Some o0il reservoirs
can be revived for a third life (tertiary recovery) by injection of
steam, COj, or chemicals (polymers, surfactants).

During the entire life of a field, maintenance work never
stops. Artificial lift equipment must be serviced, surface faci-
lities maintained, and replacement production and injection wells
drilled. As wells become uneconomical to produce, they must be
plugged with cement, salvageable casing pulled, surface equipment
removed, and the surface area cleaned in accordance with the terms
of the lease.

The length of time from the start of exploration until produc-
tion begins may be from five to 10 years, while the productive life
can be 25 to 50 years or longer.

Not shown in Figure 9 are the large number of permits and
regulatory requirements, which add significantly to the effort,
time, and cost of exploration and production operations. These
requirements are discussed in the Environmental Considerations
section of this chapter.

EXPLORATION
I. Geological

Exploration geology is fundamentally no different onshore, off-
shore, or in harsh climates. Study of exposed rocks at the surface
can tell a geologist the history of the area, structural trends,
and other information indicating whether proper conditions are
present for the accumulation of hydrocarbons. In the search for
petroleum, geologists usually look for the following essential
information: the source beds of shales and limestones that
originally contained an abundance of organic remains; the porous
sandstones or limestones that later become the reservoir beds of
migrating oil and gas; and the trap that seals off the reservoir
beds and holds the hydrocarbons in place.

On land, rock samples may be gathered by hand or from shallow
core holes. Continuous core drilling is no longer common because
of costs, the great improvements in geophysical technology, and the
increasing difficulty in securing permission to drill from land
surface owners. Offshore, ocean floor samples are recovered by a
grab device lowered from a vessel, or from shallow cores obtained
by '‘penetrating the ocean floor with a weighted tube or by jetting
action, which can penetrate to about 75 feet. Core drilling to a
maximum of 350 feet may be undertaken by special permit.
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II. Photographic and Sonar

Aerial photographs of terrain taken at constant altitudes are
interpreted and used to map surface geology, to aid in planning
field visits, and to select sites for drilling and other surface
facilities. Satellite photography, landsat imagery, image enhance-
ment techniques, and side-looking radar have also been used for
surveying.

Sonar (reflected sound wave) surveys are used to map the ocean
floor in a manner comparable to onshore aerial photography. Sonar
surveys can measure vertical water depth and, with side scan,
reveal the dimensions of submarine ridges and trenches and the
shape of the continental slope.

1 93

In the search for oil and gas, geophysical and geological
studies are complementary. Geophysical measurements taken at the
surface provide the major clues for locating potential subsurface
reservoirs that may contain hydrocarbons. Sedimentary basins are
first located and mapped by broad surveying techniques and their
potential for hydrocarbon generation assessed; then structural
traps where 0il or gas could accumulate are identified.

Basins may be surveyed by airborne magnetometers, which measure
small variations in the earth's magnetic field. Magnetic maps are
used to map the basement surface (undisturbed igneous rock), al-
though some anomalies can be mapped within the sedimentary sec-
tions.

Gravity surveys that measure small (up to one part per hundred
million) variations in the total gravitational field of the earth
can show the horizontal location of older, heavier, more deformed
rocks within a basin of lighter, younger rocks. Gravity and seis-
mic surveys are usually conducted at the same time.

Several other highly sophisticated geophysical techniques are
used in basin surveys. Electrical transient measurement of a re-
flected pulsed electric signal generated at the surface can indi-
cate variations in electrical resistivity, which is affected by the
presence of hydrocarbons. The natural alternating currents (tellu-
ric) and small magnetic field eddy currents (magnetotelluric) can
also be measured to indicate variations in the resistivity of rock
layers. Magnetotelluric measurements can be related to rock poro-
sity and salt water distribution.

The major geophysical technique used in o0il and gas exploration
is seismic reflection. Reflection surveys are usually made before
the first exploration well is located and additional surveys help
outline a field during development. A physical pulse or vibration
created at or near the surface produces a wavefront of sonic
energy, which travels through the subsurface and is partially
reflected back to the surface each time the wavefront encounters a
discontinuity such as the boundary between two rock layers. The
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reflected energy is picked up at the surface by very sensitive
microphones called seismometers or geophones, which convert the
sonic energy into electrical energy that is then amplified to
produce usable signals. The seismograph records these signals as a
function of elapsed time from the instant the pulse was created.
Interpretation of the sonic wave travel time from the surface to
one or more reflecting discontinuities and back to the surface at
many locations furnishes data for subsurface contour maps. These
maps and supporting geological data lead to identification of the
most likely locations for hydrocarbon accumulation.

The physical pulse at the surface for seismic reflection has
traditionally been created by firing a small explosive charge in a
shallow borehole (50 to 200 feet deep). About one-half of land
crews use this method. No explosive charges are used offshore.
Modern technology has developed other seismic sources that are
either more economical or have technical advantages: compressed
air charges, which are used almost exclusively in marine seismic
surveys; vibratory sources, which, because of economics, environ-
mental considerations, and technical advantages, are the fastest
growing explosives replacements on land; and a variety of other
sources, such as weight drop and gas exploders, that are used for
special applications. Compressed air charges discharged through
holes drilled through floating ice are successfully used in the
Arctic. The Beaufort Sea area adjacent to the coast and offshore
to the vicinity of the ice pressure ridge (about 30-foot water
depth) has been surveyed with precise results, using land crew
equipment (vibrator sonic source) on the ice when the thickness was
48 inches or more.

The energy pulse released by a seismic generator is very weak
and the energy received back at the surface is even weaker. It is
difficult to recognize these reflection signals in the background
of seismic noise. Modern interpretation methods include:

e Digital recording of data
e Computer processing to extract signal from noise
e Corrections for earth-induced errors

@ Extraction from the signal of meaningful information and, in
the best of circumstances, significant information about the
hydrocarbon content of the reservoir rocks.

IV. Geochemical

Geochemistry, the science dealing with the chemical composition
of and chemical changes in the earth's crust, makes a contribution
to petroleum exploration through the following techniques:

@ Helium is a minor constituent of natural gas. Because of
its small atomic weight, it can pass upward through sedi-
mentary rock and may be measurable in surface soil above
hydrocarbon deposits.
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e Sedimentary basins must be subjected to heat and pressure
during geological time to generate hydrocarbons from buried
organic material. Examination of the rocks can indicate the
degree of maturity as a hydrocarbon source.

@ The presence of minute amounts of hydrocarbons in formation
waters can lead to predictions as to nearby hydrocarbon
occurrences.

@ The specific composition of the organic compounds that com-
prise a crude petroleum provides clues to its origin and
migration history.

® Examination of rocks by scanning electron microscopes, by
luminescence when heated, and by spectrochemical analysis
for elemental composition, including the presence of heavy
metals, can aid in identifying the matrix and the source of
deposits within the pore space.

V. Continental Offshore Stratigraphic Test Wells

A Continental Offshore Stratigraphic Test (COST) well is an im-
portant source of information for exploration in U.S. Outer Con-
tinental Shelf (OCS) frontier areas. The U.S. Geological Survey
(USGS) can authorize the drilling of a well by a group of companies
to obtain geological information. All coring and logging informa-
tion becomes proprietary to the participating companies, but is
shared with the USGS in confidence until after the lease sale of
the area of interest.

COST wells are located off-structure to avoid hydrocarbon ac-
cumulations and to obtain maximum stratigraphic information. The
same USGS-0OCS rules apply to securing permits and to drilling,
casing, and abandonment for a COST well as apply to a regular
exploration well. All COST wells must be plugged and abandoned
when logging is completed. COST wells have been drilled in the
Atlantic Georges Banks, Pacific offshore, Bering and Beaufort Seas
offshore Alaska, Baltimore Canyon, and Gulf of Mexico.

DRILLING AND COMPLETION
I. Drilling Rigs and Drilling Operations

A rotary drilling rig is a portable apparatus designed to drill
a hole into a geological formation and to wall the hole with steel
pipe (casing) and cement, with the objective of exploring for and
developing o0il and gas fields. Portability limits rig design
weight and size. Except for some specialized items such as fail-
safe pressure control systems and the marine riser, the same kind
of rig is used onshore and offshore. The rig support may be dry
land, an inland submersible barge, an artificial island, a fixed
structure, or a mobile offshore unit. Offshore exploration drill-
ing is usually done by mobile units. Most offshore development
drilling is done by controlled directional drilling from a fixed,
bottom-founded platform.
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The three main functions of all rotary drilling rigs are per-
formed by the hoisting, circulating, and rotating systems, backed
up by the pressure control equipment. Figure 10 shows the major
components of the rotary drilling rig; each component is numbered
to correspond with the discussion below.

A.

The mast or derrick (18) supports the hook (9) by means of the
traveling block (10), wire line (11l), crown block (12), and draw-
works (14). These components are tied together and supported by a
massive steel substructure (19). The drawworks are powered by
prime movers (15), usually two to four engines. Most inland rig
engines are diesel mechanical or electrical, and some are gas.
Diesel-powered electric drives are common offshore; steam rigs are
nearly obsolete.

During the drilling operation it is necessary to pull and rerun
the drill pipe (4), to change bits (1), to run casing, and, if the
well is successful, to run tubing. To perform these functions,
elevators are suspended from the hook and are latched around the
pipe below a coupling or drill pipe tool joint so that the pipe-
string may be hoisted.

B. Circulating

Drilling-fluid materials (muds) are mixed through the mud-
mixing hopper into the mud tanks (17). From these tanks the mud is
pumped down the drill pipe (4) via the swivel (8) and kelly (6).
This mud exits the drill pipe through the drilling bit and returns
to the surface through the annulus (space between the well bore
wall and the drill pipe). As the mud travels up the annulus, it
carries the drill cuttings in suspension to the mud return line.
The mud is then passed through the solids control equipment (shale
shaker screens, hydroclones, etc.) to remove the cuttings and is
returned to the mud tanks for recirculation. Figure 11 shows a
flow diagram depicting the route drilling mud travels during the
drilling of a well.

Some of the functions performed by drilling muds are as
follows:

® Remove drilled solids (cuttings) from the bottom of the
hole and carry them to the surface where they are removed

e Lubricate and cool the drill bit and string
@ Deposit a semi-impermeable wall cake on the well bore wall
to seal permeable formations and prevent the loss of drill-

ing mud into the formation

@ Control downhole pressures by maintaining a fluid column
pressure greater than drilled formation pressure

@ Suspend drill cuttings in the fluid when circulation is
interrupted
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12. Crown Block

18. Mast or Derrick

11. Wire Line

13. Rotary

10. Traveling Block
9. Hook
8. Swivel
L 7. Rotary Hose and Standpipe
6. Kelly

17.
Blowout Preventer (BOP) Stack

19. Substructure

6. Kelly

5. Kelly Saver Sub

4. Drill Pipe

3. Drill Collars

ROTARY-RIG SYSTEM COMPONENTS

Hoisting System ... 9,10, 11, 12, 14, 15, 18, 19

Circulating System . 2, 3, 4,5, 6,7, 8, 15, 16, 17 2 Bit Sub
Rotating System ... 1,2,3,4,5,6,8, 13, 15

Pressure Control

System . .20
11 Bit

Figure 10. Systems and Components of a Rotary Drilling Rig.
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DRILL COLLAR

BOREHOLE

BIT

Figure 11. Route of Drilling Muds.

SOURCE: Moseley, H.R., Jr., Chemical Components, Functions, and Uses of Drilling Fluids, paper presented at United Nations
Environmental Programme Environmental Consultative Committee on the Petroleum Industry, Paris, France, June 1981.
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® Support part of the weight of the drill bit and string
@ Transmit hydraulic horsepower to the bit.

To accomplish these many functions under extreme variations in
formation pressure, temperature, and formation integrity requires
drilling mud programs designed for local conditions and close
surveillance by trained personnel. To produce the desired muds,
which may vary in weight from 9 to 18 pounds per gallon, the most
common materials added to the natural drilling fluid generated by
drilling with water are:

° Attapulgite clay to build up fluid volume

° Barite (a barium sulfate) to add weight

° Bentonite (sodium montmorillonite) to add viscosity, or
thicken

° Lignosulfonates (paper mill by-product) to lower

viscosity, or thin

° Starch, calcium chloride, soda ash, and caustic soda to
control fluid loss into permeable formations

° Fibrous and dgranular inert material to plug extremely
porous or fractured formations

° Bactericide to prevent deterioration of starch muds
° Inhibitors to minimize corrosion in deep, high-temperature
wells.

Fresh water is the usual liquid used for drilling shallow
wells. Deeper wells, which penetrate high-pressure and high-
temperature formations, may require complex, high-density drilling
fluids with a liquid that may be salt water, oil emulsion, or oil.
Other special wells may use air or foam as the circulating medium.

Surplus and contaminated mud are pumped into an earthen reserve
pit or steel tank for later disposal as described in the Environ-
mental Considerations section of this chapter.

C. Rotating System

The rotary, powered by prime movers, rotates the kelly through
the kelly drive bushing, which rests in a square recess in the
rotary. The kelly, a flat-sided, usually hexagonal hollow forging,
40 to 45 feet long, is suspended by the swivel and hoisting
machinery during drilling operations. It is free to move verti-
cally through the kelly drive bushing and serves to suspend and
rotate the drill pipe. When drilling or circulating operations are
suspended for the bit to be pulled or casing run, the swivel,
kelly, and kelly drive bushing are removed. A device called slips
is placed in the rotary recess around the drill pipe to suspend it,
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when not being lifted by the elevators, while running in or pulling
out of the hole.

Drill pipe is the steel tube used to transmit rotating force
from the rotary, located on the derrick floor, to the drill bit on
the bottom of the hole. The rotating force and weight of the drill
collars below the drill pipe provide directional control and
cutting power to the bit. When pulled from the hole, the drill
pipe rests on the derrick floor in stands, which are usually three
30-foot joints connected by coarse threaded couplings of high
strength, abrasion-resistant steel, called tool joints. Throughout
the drilling operation, drilling fluid is pumped down through the
drill pipe and back up the annular space to the surface.

D. Pressure Control

Pressure control equipment seals a drilling well at the surface
of the hole below the derrick floor, to prevent unwanted flow from
the well, either through the annulus around the drill pipe or while
the drill pipe is out of the hole.

The blowout preventer (BOP) stack (20) attached to the casing
head at the top of the well consists of combinations of annular and
ram-type BOPs, activated by hydraulic controls located at a safe
distance from the well bore. Figure 12 is a schematic drawing of a
conventional BOP stack installed on a land- or bottom-founded off-
shore platform casing head.

BOPs are made in pressure ratings compatible with wellhead
pressure and drilling requirements in a wide range of sizes. The
annular BOP, usually located on top of the BOP stack, closes
circumferentially. It can seal around any size pipe that can go
through it, around the hexagonal kelly, or to a limited extent
close the open hole. Ram-type BOPs seal around the pipe by radial
movement of preformed half-circle rubber blocks embedded in two
steel rams or plungers mounted in the BOP body on opposite sides of
the hole. The rams must be sized to fit the drill pipe being used.
Blank rams are fitted with straight parallel rubber blocks for use
when the drill pipe is out of the hole. Special designs for ocean
floor installation are necessary for floating platform rigs.

As a safety device to prevent backflow through the drill pipe
while drilling, a kelly valve is installed on all drilling rigs at
the top of the kelly, immediately below the swivel, where it can be
closed in an emergency. A back pressure valve equipped with tool
joint threads is kept on the derrick floor during drilling opera-
tions so that it can be screwed into the drill pipe if the well
starts to backflow while the kelly is disconnected. Some rigs also

use a drop valve that can be pumped down the drill pipe to shut off
flow at the bottom.

Hydraulic fluid for opening and closing BOPs is stored in a
pressure accumulator located a safe distance from the rig floor.
High-pressure lines carry the hydraulic fluid from the accumulator
to the BOP stack, and when control valves on the rig floor are
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Figure 12. Conventional Blowout Preventer Assembly.

actuated by the driller, the fluid operates the BOPs. The
hydraulic fluid is under pressures ranging from 1,500 to 3,000
pounds per square inch (psi).

E. Casing and Cementing
All wells are cased with steel pipe during drilling and comple-
tion. Figure 13 shows the casing strings installed in a typical

deep well, onshore or offshore, exploratory or developmental. Ex-
cept for the first string set offshore, which is driven into the
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Figure 13. Casing Strings.

ocean floor, casing is lowered into the drilled hole and cemented
in place by pumping cement down the pipe and back up the annular
space.

Drive pipe used offshore (not shown in Figure 13) 1is typically
26 inches in diameter and is driven to 100 feet below the ocean
floor to support the annular BOP and the diverter head at the sur-
face, which directs drilling fluid to mud tanks while drilling for
conductor casing.
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The conductor casing, usually 20 inches in diameter, is set at
depths of 500 to 1,000 feet in offshore operation and is cemented
to the surface. It supports the annular BOP and diverter head
while drilling the surface casing hole. Conductor casing is not
necessary in development well drilling where it is known that sur-
face formations are competent and there are no shallow gas zones.

Surface casing is set through fresh water zones to prevent
their contamination and to contain potential fluid flow from high-
pressure zones penetrated below the surface casing. It is usually
13-3/8 inches in diameter offshore and in deep or exploratory wells
onshore; it is set at depths of 1,500 to 4,500 feet, depending upon
formation conditions, and is cemented to the surface. Surface
casing for shallow to moderately deep development wells (8,000 to
10,000 feet) is usually 9-5/8 or 10-3/4 inches in diameter.

Intermediate casing is set when abnormal pressure (signifi-
cantly above 0.5 pounds per foot of depth) is anticipated. Inter-
mediate casing, usually 8-5/8, 9-5/8, or 10-3/4 inches in diameter,
is cemented up through an impermeable zone above the abnormal
pressure zone. The purpose is to prevent the heavy drilling fluid
that is required to control abnormal pressure from entering
shallow, low-pressure permeable zones.

Production casing is set through oil and gas zones that are to
be completed for production, and cemented up into an impermeable
zone. All potentially productive zones are covered with cement.
Production casing is usually 4-1/2 to 7 inches in diameter.

F. Emissions and Effluents

Generally, the only air emissions during normal drilling
operations are exhausts from internal combustion engines, crew
quarters water heaters, and space heaters. Diesel fuel is used
almost universally. During the rare drill stem testing of a well,
very small volumes of natural gas may be emitted unburned.

Discharges requiring disposal during normal drilling operations
onshore and offshore are:

@ Excess drilling fluid generated by the addition of water,
chemicals, and solids to maintain necessary physical proper-
ties.

@ Drill cuttings excavated during hole making.

@ Degradable kitchen garbage.

e Domestic graywater wastes (showers, lavatories, kitchen
sink, laundry).

@ Sanitary wastes (toilets, urinals).

@ Waste o0il and petroleum products (held for disposal at
waste o0il sites onshore).
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@ Other solid wastes such as wire lines, junked pipe and
equipment, cans, glass, wood, paper, plastic, rubber, and
rope (held for disposal at proper solid waste disposal
sites).

On of fshore drilling platforms, there are discharges of sea-
water used to cool various internal combustion engines and heat
exchangers that are returned to the sea without additives other
than heat.

Industry practices and regulatory requirements for the pre-
vention of pollution by the above emissions and effluents are
discussed in the Environmental Considerations section of this
chapter.

II. Onshore Drilling

Onshore drilling is normally done from single locations, with
the hole drilled as nearly vertical as feasible. Exceptions are
environmentally sensitive areas such as the Alaskan North Slope,
urban areas such as Los Angeles, and coastal locations such as
southern California. In such circumstances, well drilling sites
are closely spaced at an acceptable spot and wells may be drilled
by controlled directional techniques to remote reservoirs, which
may be bottomed several thousand feet horizontally from the surface
locations.

In rural and less sensitive areas, drilling rigs are laid out
in as compact an array as possible. A deep exploratory rig
requires about 1.5 acres. If a reserve pit for excess drilling
fluid is used, as is normal, it will occupy another 1.5 acres, for
a total of about three acres. The average exploratory drilling rig
occupies about two acres, and the average development drilling rig
about one acre. A permanent clearing of about one-third of an acre
is needed around a deep producing well to accommodate a well ser-
vicing rig.

Land rigs are moved by heavy trucks, rigged up by mobile
cranes, and continuously served by wheeled vehicles requiring
adequate roads. Road right-of-way to a drill site generally varies
from 20 to 30 feet wide or about 3 acres per mile. If an explora-
tory well is dry, the roadway may be left intact or restored, in
accordance with agreement with the landowner. Swamp locations re-
quire special dredge and fill permits for building access roadways.

ITI. Offshore Drilling
A. Exploration Drilling

Almost all exploration drilling offshore is done with mobile
units. The type of mobile rig used is usually de